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GENERAL  REPORT. 


The  following  report  comprises  the  general  work  of  the  State 
Board  of  Health  of  Massachusetts  for  the  year  ending  Sept.  30, 
1893. 

The  following  are  the  subjects  embraced  in  this  report :  — 

Report  to  the  Legislature  upon  Water  Supply  and  Sewerage,  includ- 
ing THE  Advice  of  the  Board  given  under  the  Provisions  op  Chapter 
375  OF  the  Acts  of  1888. 

Summary  of  Weekly  Mortality  Retttrns  from  Cities  and  Towns. 

Reports  of  Infectious  Diseases. 

Reports  upon  Food  and  Drug  Inspection. 

Infectious  Disease  HospriALS. 

Health  of  Towns. 

The  following  members  comprised  the  Board  in  1893  :  — 


Henry  P.  Waxcott,  Chairman, 


Frank  W.  Draper. 
Hiram  F.  Mills. 
EujAH  U.  Jones. 


Joseph  W.  Hastings. 
Gerard  C.  Tobey. 
Morris  Schaff. 


J.  H.  Raymond  resigned  in  Januaiy,  and  G.  C.  Tobey  of  Ware- 
ham  was  appointed  in  his  place. 

General  Schaff  resigned  in  August,  1893,  and  J.  W.  Hull  of  Pitts- 
field  was  appointed  in  his  place. 

Dr.  Elijah  U.  Jones  of  Taunton  died  in  November,  1893.  He  had 
been  a  member  of  the  Board  since  its  reorganization  in  1886,  and 
had  taken  a  deep  and  continued  interest  in  the  work  of  the  Board 
from  the  beginning  of  his  connection  with  it. 

C.  H.  Porter  of  Quincy  was  appointed  in  February,  1894,  to  fill 
the  place  made  vacant  by  the  death  of  Dr.  Jones. 
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Infeotious  Diseases. 

Smallpox. 

During  the  ten  years  ending  with  1892,  the  State  had  been  com- 
paratively exempt  from  small-pox,  the  average  annual  number  of 
deaths  from  this  cause  in  the  State  for  the  ten  years  1883-92  being 
less  than  five,  or  two  and  one-half  per  million  inhabitants ;  and,  while 
the  same  statement  of  exemption  is  true  of  nearly  all  of  the  United 
States  for  the  same  period,  it  is  almost  unparalleled  in  the  experience 
of  any  foreign  country  except  Germany  and  Sweden. 

The  following  table  presents  the  comparative  mortality  of  several 
countries  from  this  cause  for  a  period  of  four  years :  — 


Average  Annual  Mortality  from  Small-pox  per  Million  Inhabttanls^  1886-1889, 

Four  Years, 


C0UNTBIE8. 


Annual  D«ath-rate  per 

Million  Inhabitants 

fh>m  Small-pox. 


Germany,    . 

Sweden, 

Belgium, 

Great  Britain, 

Italy,    . 

Holland, 

Austria, 

Russia  ?£uropean), 

Switzerland, 

Spain,  . 

Massachusetts, 


3.5 

0.9 

1G4.0 

15.0 

536.0 

5.7 

471.0 

231.0 

18.5 

963.0 

2.1* 


*  The  epidemic  of  ISO^M  increaaea  thla  average  to  about  8.6  per  million  infaiabltanta  for  a  period  of 
ten  years. 

The  unusual  immunity  of  Germany,  with  a  population  of  nearly 
fifty  millions,  surrounded  and  menaced  by  countries  with  an  almost 
constant  prevalence  of  small-pox,  is  undoubtedly  due  largely  to  the 
excellence  of  its  vaccination  laws  and  the  thorough  manner  of  their 
enforcement. 

In  1883  a  statute  was  enacted  in  Massachusetts  requiring  that 
every  case  of  small-pox  should  be  reported  to  the  State  Board  of 
Health.  Soon  after  the  enactment  of  this  statute  a  circular  was 
prepared  in  which  not  only  the  fact  of  the  existence  of  the  disease 
was  recognized  but  also  other  facts  which  were  deemed  essential  to  a 
complete  record. 
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IX 


From  these  notices  the  following  statistics  are  compiled  for  the 
nine  years  ending  with  1893  :  — 


Small'pox  in  Massachusetts,  1885-1893. 


^y  ^  &  «ft 

Small-pox. 

VACCnrATBD. 

Ukvacoikatbd. 

Doubtful  or  Uk- 

XNOWK. 

YKABs. 

!  Toul 
Cases. 

Total 
Deaths. 
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Summary. — There  were  in  all  168  reported  cases  in  the  nine 
years  (1885-93),  and  34  deaths,  or  20.2  per  cent,  of  the  whole. 

Of  this  number  61  were  vaccinated,  and  of  these  3  or  only  4.9 
per  cent.  died. 

The  unvaccinated  were  76  in  number,  of  whom  23  or  30.3  per 
cent.  died. 

There  were  also  31  in  whom  the  facts  as  to  vaccination  were 
doubtful  or  not  reported,  and  of  this  number  8  or  25.8  per  cent, 
died. 

By  this  it  appears  that  the  vaccinated  had,  as  compared  with  the 
unvaccinated,  a  six-fold  immunity  from  death  by  small-pox,  which 
corresponds  fairly  with  other  observations  upon  larger  numbers. 
To  this  statement  it  should  be  added  that  in  very  many  of  the  cases 
recorded  as  vaccinated,  and  especially  among  adults,  there  had  been 
but  one  vaccination,  and  often  a  single  scar  only,  and  that  of  an 
imperfect  character. 

The  following  table  contains  the  principal  items  gathered  from 
the  reports  of  cases  of  small-pox  made  to  the  State  Board  of  Health 
under  the  provisions  of  chapter  138  of  the  Acts  of  1883  during  the 
year  1893. 
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Secord  of  Cases  oj  Small-pox  reported  to  the  State  Board  oj  Eeallh  during  the 
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These  forty-four  cnses  present  several  points  whicli  are  worthy  ot 
note.  Moat  of  the  cases  (43  out  of  44)  occurred  in  the  cities  and 
large  towns.  Out  of  the  first  sixteen  cases  which  nccurred  during 
the  year,  eleven  occurred  in  places  where  paper  mills  u^sing  rags 
exist.     There  has  been  no  serious  epidemic  of  saiall-pox   in  the 
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State  during  the  past  twenty-five  years  in  which  cases  have  not 
occurred  in  considerable  numbers  in  such  cities  and  towns,  and 
while  only  two  of  the  persons  in  the  foregoing  list  are  reported  as 
being  employed  in  handling  rags,  several  of  the  others  are  known  to 
have  lived  in  the  same  families  or  tenements  with  persons  so 
employed. 

Ten  only  out  of  the  forty-four  are  reported  as  having  been  of 
American  birth. 

Out  of  the  whole  number  25  or  56.8  per  cent,  were  females,  a 
circumstance  which  is  quite  unusual  since  the  majority  of  cases  are 
commonly  men. 

Of  the  whole  number,  8  were  under  five  years  of  age,  6  were 
school-children  or  children  of  school  age,  eight  to  fourteen  years, 
and  of  these,  3  were  unvaccinated. 

VaccincUion.  —  In  consequence  of  the  unusual  prevalence  of  small- 
pox during  the  past  season  it  seems  proper  to  state  some  of  the 
principles  relating  to  vaccination  as  clearly  as  possible. 

The  experience  of  nearly  a  century  with  vaccination  has  demon- 
strated its  protective  power  beyond  a  reasonable  doubt.  This 
power,  however,  is  not  absolute,  nor  does  it  continue  throughout 
adult  life.  Hence  it  is  desirable  that  revaccination  should  be  per- 
formed at  or  before  the  period  of  puberty. 

The  provisions  of  the  German  law  afford  a  very  good  rule  in  this 
respect.  It  is  therein  required  that  every  child  shall  be  vaccinated 
before  the  September  of  the  year  following  its  birth,  and  that  every 
school-child  shall  be  re-vaccinated  during  its  twelfth  year. 

The  result  of  the  enactment  of  this  law  in  1874  has  been  the  almost 
complete  extinction  of  small-pox  in  Germany  since  that  date.  In 
the  six  largest  cities  of  the  empire  the  mortality  from  small-pox  was 
reduced  from  92  per  100,000  of  the  population  to  1.4  in  the  ten 
years  after  the  enactment  ot  the  law. 

The  opposition  to  the  practice  of  vaccination  is  by  no  means 
new.  It  is  coeval  with  the  discovery  of  this  extremely  valuable 
means  of  disease  prevention,  and  the  past  century  has  developed 
nothing  new  on  the  part  of  its  opponents,  while  vaccination  itself 
has  received  the  strongest  support  in  the  brilliant  researches  of 
Pasteur  and  others  in  the  direction  of  protective  inoculation  for 
other  diseases. 

The  first  secretary  of  the  State  Board  of  Health,  Dr.  Derby,  said 
of  vaccination :  — 
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We  may  turn  the  question  with  ingenious  skill,  so  that  its  many  facets 
shall  reflect  a  multitude  of  curious  lights,  and  after  all  we  find  that  we  rest 
in  a  security  against  this  most  horrid  pestilence  unknown  to  former  gener- 
ations. 

The  operation  of  vaceinatioD  should  always  be  conducted  with  the 
greatest  care.  The  following  rules  (modified  from  those  of  the 
Local  Government  Board  of  England)  may  be  observed  with  advan- 
tage :  — 

1.  In  the  vaccination  of  infants  ascertain  that  there  is  not  any  febrile 
condition,  or  irritation  of  the  bowels,  or  an  unhealthy  state  of  the  skin ; 
especially  any  chafing  or  eczema  behind  the  ears  or  in  the  groin,  or  else- 
where in  the  folds  of  the  skin.  Where  there  has  been  recent  exposure  to 
the  infection  of  measles  or  scarlet-fever,  and  where  erysipelas  prevails  in 
the  place  of  residence,  vaccination  should  be  delayed  for  a  month,  or  until 
danger  of  other  infection  has  passed. 

2.  In  all  ordinary  cases  of  primary  vaccination,  make  at  least  two  in- 
sertions of  lymph  not  less  than  a  half  inch  apart.  It  is  desirable  that  the 
total  area  of  vesiculation  on  the  same  day  of  the  week  following  the  vacci- 
nation should  amount  to  not  less  than  a  half  of  a  square  inch. 

3.  Direct  that  care  be  taken  for  keeping  the  vesicles  uninjured  during 
their  progress,  and  for  avoiding  the  premature  removal  of  the  crusts.  Do 
not  use  any  needless  means  of  "  protection**  or  of  "  dressing"  to  a  vac- 
cinated arm ;  but,  if  in  a  particular  case,  you  find  reason  for  means  of 
**  protection  '*  or  of  "  dressing,"  define  the  material  and  the  manner  of  use 
of  the  appliances  best  adapted  to  the  case,  avoiding  all  such  as  cannot  be 
readily  destroyed  and  replaced  whenever  they  become  soiled. 

4.  Keep  a  careful  record  of  vaccinations,  in  which  may  be  placed  the  fol- 
lowing items:  'date  of  vaccination,  name,  age  and  sex  of  child,  character 
and  source  of  lymph  used,  number  of  insertions,  result  of  inspection  at 
end  of  a  week,  remarks,  abnormal  appearances,  etc. 

Record  as  "successful"  only  those  cases  in  which  a  normal  vesicle  has 
been  produced.  In  cases  of  revaccination  record  as  successful  only  those 
oases  in  which  either  vesicles,  normal  or  modified,  or  papules  surrounded 
by  areolffi,  have  resulted. 

5.  Use  bovine  lymph  preferably.  In  times  of  epidemics  of  small-pox, 
and  especially  in  cases  where  persons  about  to  be  vaccinated  have  been 
recently  exposed  to  small-pox,  the  age  of  the  lymph  (time  since  it  was 
taken  from  the  animal)  should  be  definitely  ascertained,  and  in  such  cases 
recent  lymph  should  always  be  employed  in  preference  to  that  which  is 
more  than  ten  days  old.  If  bovine  lymph  cannot  be  obtained  and  the 
lymph  from  a  healthy  infant  taken  on  the  seventh  day  after  vaccination 
ean  be  had,  this  may  be  used.     Humanized  lymph  should  never  be  taken 
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from  cases  of  revaccination,  but  invariably  from  a  primary  case  and  from 
an  infant  in  good  health  and  of  healthy  parentage. 

6.  Keep  in  good  conditiofl  the  lancets  or  other  instruments  employed 
for  vaccination  and  use  them  for  no  other  purpose. 

When  vaccinating,  have  a  clean  napkin  and  a  glass  of  water  containing  a 
disinfectant  at  your  side,  with  which  invariably  cleanse  the  lancet  after 
each  operation  before  proceeding  to  another.  Dipping  the  lancet  in  strong 
alcohol  and  immediately  passing  it  through  the  flame  of  a  lamp  undoubtedly 
serves  to  sterilize  it. 

Never  use  an  ivory  point  a  second  time  either  for  the  conveyance  or  for 
the  storage  of  lymph,  but  when  they  have  been  put  to  their  proper  use, 
break  or  otherwise  destroy  them. 

"  The  best  results,  on  the  whole,  are  those  which  follow  the  plan  of 
scarification  or  abrasion."  —  Seaton. 

The  greatest  care  should  be  taken  in  performing  the  operation  to  secure 
aseptic  conditions,  in  other  words,  absolute  cleanliness.  For  this  purpose 
the  place  of  insertion,  preferably  the  outer  and  anterior  part  of  the  arm 
from  three  to  five  inches  below  the  bend  of  the  shoulder,  should  be  washed 
with  soap  and  water  and  then  wiped  dry. 

Scarify  or  lightly  abrade  the  surface  in  at  least  two  places  about  an  inch 
apart,  until  the  scarified  spots  appear  slightly  red  and  moist,  but  not  enough 
to  draw  blood  freely. 

Moisten  the  ivory  slips  slightly  at  the  points  with  pure  water,  and  wipe 
off  the  lymph  upon  the  scarified  places,  using  at  least  two  poiuts  for  each 
person  vaccinated. 

Never  use  one  point  for  two  persons. 

The  after  treatment :  If  any  blood  remains  at  the  points  of  insertion  it 
should  be  allowed  to  dry,  and  should  not  be  washed  off  until  the  third 
morning  after  vaccination,  when  it  may  be  removed  by  washing  gently  with 
a  little  pure  warm  water  and  a  clean  flannel  or  linen  cloth.  After  this,  a 
clean  piece  of  soft  linen  may  be  sewed  around  the  arm  to  prevent  the  sleeve 
from  chafing  the  vesicles.     This  should  be  changed  daily. 

7.  The  vaccinator  should  in  all  cases  require  that  each  vaccinated  person 
should  appear  at  the  end  of  a  week  for  inspection,  and  especially  in  each 
case  of  primary  vaccination,  if  the  operation  proves  ineffectual,  the  vacci- 
nation should  be  repeated  with  fresh  lymph. 

Cases  of  Doubtful  Diagnosis,  —  In  all  of  the  conoparatively  slight 
epidemics  of  small-pox  which  have  occurred  in  recent  years  there  has 
been  a  considerable  number  of  cases  in  which  the  diagnosis,  especi- 
ally in  the  early  stage  of  the  disease,  was  more  or  less  involved  in 
doubt,  and  this  was  particularly  true  of  those  cases  which  occurred 
in  the  practice  of  young  physicians  who  have  entered  upon  practice 
since  the  epidemic  of  1872-73. 
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Cases  of  measles,  of  chicken-pox,  as  well  as  some  of  the  ordinary 
forms  of  skin  diseases,  have  been  mistaken  for  small-pox,  while 
cases  of  genuine  variola  have  been  reported  as  chicken-pox,  measles, 
etc.  This  fact  is  not  to  be  wondered  at  when  it  is  known  that  small- 
pox has  been  of  such  rare  occurrence  during  the  twenty  years  inter- 
vening between  1873  and  1893  that  probably  not  one  physician  in 
a  hundred  in  the  State  has  met  with  a  single  case  during  that 
time. 

In  consequence  of  this  fact  it  is  desirable  that  any  doubtful  cases 
occurring  in  the  practice  of  physicians  who  are  not  familiar  with  the 
natural  history  of  the  disease  should  be  examined  in  consultation 
with  a  physician  who  has  had  experience  in  such  cases.  Much 
doubt  and  much  annoyance  to  communities  where  such  cases  may 
occur  may  thus  be  avoided,  and  in  some  instances  serious  outbreaks 
may  be  prevented. 

Other  Injections  Diseases. 

From  such  reports  as  have  been  received  from  local  boards  of 
health  during  1893  it  appears  that  the  prevalence  of  diphtheria  and 
typhoid  fever  has  differed  but  little  in  severity  from  that  of  the  pre- 
vious year.  The  number  of  reported  cases  and  deaths  from  each  of 
these  causes  was  but  little  greater  for  each  disease. 

From  scarlet  fever  the  reported  cases  and  deaths  were  much 
larger  in  number  than  those  of  either  1891  or  1892. 

From  measles  the  cases  and  deaths  were  greater  than  those  of 
1891  and  very  largely  in  excess  of  those  of  1892. 

The  statistics  giving  the  number  of  reported  cases  and  of  reported 
deaths,  together  with  the  ratios  of  fatality,  may  be  found  at  page 
741,  under  the  head  of  Health  of  Towns. 

Many  requests  were  received  during  the  year  for  advice  in  regard 
to  the  management  and  control  of  infectious  diseases,  and  visits 
were  made  to  Provincetown,  Newburyport,  Ludlow,  Soraerville, 
Dalton,  Hanover,  Douglas,  Falmouth,  Rowley,  Topsfield  and  other 
places  for  the  purpose  of  investigating  local  outbreaks  of  typhoid 
fever,  scarlet  fever  and  diphtheria,  and  for  affording  such  assistance 
to  local  boards  of  health  as  it  was  in  the  power  of  the  State  Board 
to  give. 
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Notification  of  Infectious  Diseases. 

Among  the  different  measures  employed  by  sanitary  authorities 
for  the  prevention  of  the  spread  of  infectious  diseases,  the  notifica- 
tion of  the  occurrence  of  such  diseases  now  occupies  a  prominent 
place.  Municipal  authorities  especially  should  have  the  requisite 
power  everywhere  to  require  immediate  notice  to  be  given  them  of 
every  fresh  outbreak  of  diseases  dangerous  to  the  public  health  in 
order  that  such  authorities  may  take  proper  measures  for  the  protec- 
tion of  the  community. 

The  chief  advantages  of  a  system  of  notification  lie  in  the  pos- 
sibility which  is  thus  given  to  a  local  board  of  health  to  determine 
the  extent  of  prevalence  of  an  epidemic  or  a  localized  outbreak,  and 
to  inquire  into  the  local  causes  which  have  operated  to  produce  it. 
The  board  can  then  act  intelligently  in  applying  the  proper  remedies 
for  preventing  its  further  spread. 

Laws  enacted  with  this  object  in  view  have  been  in  force  in  the 
older  States  for  many  years,  but  not  until  within  the  past  ten  or 
twenty  years  have  pains  been  taken  to  execute  such  statutes  with 
such  degree  of  efficiency  as  to  make  them  really  protective.  The 
law  requiring  the  householder  to  report  each  case  of  dangerous 
disease  to  the  local  authority  was  enacted  in  Massachusetts  in  1792 , 
and  that  which  requires  the  same  duty  on  the  part  of  the  attending 
physician  was  enacted  in  1827. 

There  can  be  no  doubt  that  the  law  relative  to  notification  has 
been  productive  of  excellent  results  in  the  prevention  of  disease, 
especially  in  the  cities  and  large  towns.  It  has  furnished  the  local 
boards  of  health  with  the  necessary  information  relative  to  the  origin 
of  outbreaks  of  infectious  disease,  and  in  many  instances  enabled 
them  to  take  timely  steps  for  preventing  its  further  spread.  The 
law  of  1884  requiring  local  boards  to  keep  records  upon  this  im- 
portant matter  has  furnished  information  as  to  the  prevalence  of 
certain  diseases  in  the  principal  cities  and  towns  of  the  State,  and 
has  enabled  school  authorities  to  guard  against  the  introduction  and 
spread  of  contagious  diseases  in  the  public  schools  by  means  of  the 
provision  which  requires  the  local  board  of  health  to  notify  the 
school  committee  of  the  occurrence  of  all  cases  of  such  contagious 
disease.  In  the  smaller  towns  it  is  probable  that  instances  of  failure 
to  comply  with  the  provisions  of  the  statute  are  much  more  frequent 
than  they  are  in  cities. 
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The  statutes  referred  to  in  the  foregoing  comments  are  as  fol- 
lows :  — 

[Public  Btatittes,  Chaptsb  80,  Bbction  78;  Acts  of  1884,  Chapteb  08,  akd  Acts  or  1801, 

Chaftkr  188.] 

(1.)  When  a  householder  knows  that  a  person  within  his  family  is  sick 
of  small-pox,  diphtheria,  scarlet  fever  or  any  other  disease  dangerous  to 
the  public  health,  he  shall  immediately  give  notice  thereof  to  the  selectmen 
or  board  of  health  of  the  town  in  which  he  dwells,  and  upon  the  death, 
recovery  or  removal  of  such  person,  the  rooms  occupied  and  the  articles 
used  by  him  shall  be  disinfected  by  such  householder  in  a  manner  approved 
by  the  board  of  health.  Any  person  neglecting  or  refusing  to  comply  with 
either  of  the  above  provisions  shall  forfeit  a  sum  not  exceeding  one  hundred 
dollars. 

(2.)  When  a  physician  knows  that  a  person  whom  he  is  called  to  visit  is 
infected  with  small-pox,  diphtheria,  scarlet  fever  or  any  other  disease 
dangerous  to  public  health,  he  shall  immediately  give  notice  thereof  in 
writing,  over  his  own  signature,  to  the  selectmen  or  board  of  health  of  the 
town ;  and  if  he  refuses  or  neglects  to  give  such  notice  he  shall  forfeit  for 
each  offence  not  less  than  fifty  nor  more  than  two  hundred  dollars. 

(3.)  The  boards  of  health  in  the  several  cities  spd  towns  shall  cause  a 
record  to  be  kept  of  all  reports  received  in  pursuance  of  the  preceding  sec- 
tions, and  such  record  shall  contain  the  names  of  all  persons  who  arc  sick, 
the  localities  in  which  they  live,  the  diseases  with  which  they  are  affected, 
together  with  the  date  and  the  names  of  the  persons  reporting  any  such 
cases.  The  boards  of  health  shall  give  the  school  committee  immediate 
information  of  all  cases  of  contagious  diseases  reported  to  them  according 
to  the  provisions  of  this  act. 

(4.)  The  secretary  of  the  Commonwealth  shall  furnish  the  boards  of 
health  with  blank  books  for  the  record  of  cases  of  contagious  diseases  as 
above  provided. 

As  an  additional  measure  in  the  same  direction  the  Legislature  of 
1893  enacted  the  following  law,  requiring  that  contagious  diseases 
reported  to  the  local  boards  of  health  shall,  in  turn,  be  reported  by 
them  to  the  State  Board  of  Health  :  — 

[ChAPTBB  302  OF  THK  ACT8  OF   1803.] 

(1.)  When  the  board  of  health  of  any  city  or  town  has  had  notice  of 
the  occurrence  of  a  case  of  small-pox  or  any  other  disease  dangerous  to 
the  public  health  in  such  city  or  town,  such  board  of  health  shall,  within 
twenty-four  hours  after  the  receipt  of  such  notice,  notify  the  State  Board 
of  Health  of  the  same. 

(2.)  If  the  board  of  health  of  the  city  or  town,  in  which  a  case  of  small- 
pox or  any  other  disease  dangerous  to  the  public  health  has  occurred » 


1894.]  PUBLIC  DOCUMENT  — No.  34.  xvii 

refuses  or  neglects  to  send  a  notice  as  required  in  section  one,  such  city  or 
town  shall  forfeit  its  claim  upon  the  Commonwealth  for  the  payment  of  any 
expenses  which  may  be  incurred  as  provided  in  section  eighty-three  of 
chapter  eighty  of  the  Public  Statutes. 

This  recent  law  went  into  effect  in  June,  1893,  but  very  few  retams 
in  compliance  with  its  provisions  were  received  by  the  State  Board 
of  Health  until  after  public  notice  had  been  given  by  the  Board  by 
means  of  a  circular  which  was  distributed  to  every  Board  of  Health 
throughout  the  State. 

As  the  •*  diseases  dangerous  to  the  public  health"  were  not  speci- 
fied  in  the  foregoing  act,  with  the  exception  of  small-pox,  the  Board 
deemed  it  desirable  for  the  sake  of  securing  uniform  action  on  the 
part  of  local  boards,  that  some  definite  expression  of  opinion  should 
be  made  as  to  the  meaning  of  the  term  ^*  other  diseases  dangerous  to 
the  public  health." 

Hence,  in  the  circular  named  above,  the  Board  suggested  that,  in 
addition  to  small-poXj  the  following  diseases  shall  be  considered  as 
dangerous  to  the  public  health  within  the  meaning  of  the  foregoing 
act :  scarlet  feveVy  measles^  typhoid  fever ^  diphtheria^  membranous 
croup y  cholera^  yellow  fever ^  typhus  fever y  cerebro^spinal  meningitis^ 
hydrophobia  J  malignant  pustule  ^  leprosy  and  trichinosis. 

A  supply  of  postal  blanks  was  forwarded  with  the  circular  for  the 
purpose  of  enabling  local  boards  of  health  to  comply  with  the  terms 
of  the  act. 

Various  attempts  have  been  made  in  England  to  enact  a  similar 
statute,  but  these  efforts  were  unsuccessful  until  1889.  By  the 
terms  of  the  law  then  enacted  the  notification  of  infectious  diseases 
to  the  sanitary  authority  was  made  compulsory  throughout  London, 
while  the  principle  of  local  option  was  applied  to  all  other  districts. 

During  the  year  in  which  this  bill  was  under  consideration  by 
Parliament,  intense  opposition  had  been  manifested  by  many  of  the 
members  of  the  medical  profession  throughout  England.  Objections 
were  offered  not  only  by  the  people,  but  also  by  the  medical  profes- 
sion, but  the  bill  passed  and  finally  became  a  law. 

The  fallacy  of  the  objections  has  been  abundantly  proven  by  the 
three  years'  experience  of  the  towns  of  England  where  the  Notifica- 
tion Act  has  been  adopted.  The  notification  of  each  case  is  made  by 
a  certificate  furnished  by  the  attending  physician,  for  which  a  fee  of 
two  shillings  and  sixpence  is  paid,  except  in  a  case  where  the  person 
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giving  the  certificate  is  the  medical  officer  of  a  public  institution, 
when  the  fee  is  one  shilling. 

The  diseases  to  which  this  act  applies  are  small-pox,  cholera,  diph- 
theria, membranous  croup,  erysipelas,  scarlet-fever,  typhus,  typhoid 
and  puerperal  fevers,  and  any  other  infectious  disease  which  may  be 
added  to  this  list  by  the  sanitary  authority  of  a  district. 

Up  to  the  year  1892,  the  act  had  been  adopted  in  1,051  districts, 
having  an  aggregate  population  of  nearly  sixteen  millions,  to  which 
should  be  added  the  population  of  London  and  fifty  towns  in  which 
local  acts  made  it  compulsory,  making  in  all  a  population  of  24,- 
012,399  over  which  the  act  was  in  force,  out  of  a  total  of  29,001,018. 
In  a  few  towns  the  sanitary  authorities  had  availed  themselves  of  the 
power  to  require  notification  in  the  case  of  measles,  rotheln,  chicken- 
pox  and  hydrophobia. 

Further  information  as  to  the  details  of  the  operation  of  the  statute 
of  1893  may  be  found  upon  page  639. 

OrrENsrvE  Trades. 

Under  the  provisions  of  the  acts  relating  to  noxious  and  oflfensive 
trades  the  State  Board  of  Health  is  authorized  to  hear  parties  making 
complaints,  and  when  '*in  the  judgment  of  the  Board  the  public 
health  or  the  public  comfort  and  convenience  require,  the  Board 
may  order  any  person  to  desist  and  cease  from  further  carrying  on 
said  trades  or  occupations."  No  applications  under  this  act  were 
received  during  the  year,  but  visits  and  inspections  were  made  at 
the  request  of  local  boards  of  health  in  two  instances,  where  render- 
ing works  were  being  conducted. 

The  Board's  Exhibit  at  the  CJolumbian  Exposition  (1893). 

The  subject  of  public  hygiene  was  represented  at  the  Columbian 
Exposition  at  Chicago  by  exhibitions  of  the  work  of  State  and  local 
boards  of  health.  The  exhibits  of  this  important  department  of 
public  work  were  installed  in  the  Anthropological  Building,  in  the 
south  part  of  Jackson  Park.  Of  these  exhibits  none  created  greater 
or  more  favorable  comment  than  that  of  the  State  Board  of  Health 
of  Massachusetts. 

It  is  proper  that  some  account  of  the  exhibition  should  be  made  a 
matter  of  public  record  in  this  report  of  work  for  the  year  1893. 

A  communication  was  received  Sept.  24,  1892,  from  the  superin- 
tendent of  the  Bureau  of  Hygiene  and  Sanitation  of  the  Department 
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of  Liberal  Arts  of  the  ColumbiaD  Exposition,  calling  the  attention 
of  the  Board  to  the  opportunity  that  would  be  given  at  the  Fair  for 
placing  before  the  public  the  work  of  State  boards  of  health  in  the 
prevention  of  infectious  diseases,  and  at  the  same  time  asking  whether 
the  Board  desired  to  be  represented  at  the  Exposition. 

At  a  later  date  (Dec.  28,  1892)  further  information  was  received 
upon  the  subject,  together  with  a  blank  form  of  application  for 
allotment  of  space  in  which  to  install  the  exhibit  of  the  Board. 

At  the  next  meeting  of  the  Board  (January,  1893)  it  was  voted 
to  ask  for  1,200  square  feet  of  space  for  the  Board's  exhibit. 

The  Board  was  informed  that,  in  consequence  of  the  fact  that  only 
10,000  feet  could  be  devoted  to  the  whole  subject  of  hygiene  and 
sanitation  in  the  United  States,  it  would  be  impossible  to  afford  an 
eighth  of  it  to  the  State  of  Massachusetts.  It  was  therefore  finally 
decided  to  grant  the  Board  500  feet  of  space  for  its  purpose.  To 
this  space  were  ultimately  added  120  square  feet. 

An  appropriation  had  already  been  provided  by  the  Legislature 
to  defray  the  expenses  of  such  representations  as  might  be  made  at 
the  Exposition  by  different  departments  of  the  State  government, 
and  the  sum  of  $4,000  was  set  aside  for  the  exhibit  of  the  State 
Board  of  Health.  The  Board  then  directed  that  an  exhibit  should 
be  prepared  representing  the  progress  of  public  hygiene  in  the 
State. 

The  exhibit  consisted  of  the  following  items  :  — 

General  Sanitary  Work  of  the  Board. 

Complete  set  of  reports  of  State  Board  of  Health  from  1869  to  1891. 
Special  reports  of  the  Board,  circulars  upon  infectious  diseases  and  other 

health  topics,  sets  of  blank  forms  and  manual  of  health  laws. 
Beports  of  city  boards  of  health  of  Massachusetts  for  the  year  1892. 

Charts  and  Diagrams  illustrating  the  Following  Subjects, 

The  death-rate  of  Massachusetts  for  a  series  of  years. 

Effect  of  density  of  population  on  the  general  death  rate. 

Effect  of  density  of  population  on  the  death  rate  from  each  of  the  follow- 
ing diseases  (for  twenty  years,  1871-90)  :  Measles,  scarlet  fever, 
diphtheria,  small-pox,  typhoid  fever,  cholera  infantum,  consumption 
and  pneumonia. 

Improvement  in  registration. 

Decline  in  death  rates  from  certain  causes. 

Seasonal  mortality  in  Massachusetts. 
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OeographiccU  Distribution  of  Eight  Diseases. 

Eight  maps  showing  the  comparative  mortality  from  measles,  scarlet  fever, 
diphtheria,  small-pox,  typhoid  fever,  cholera  infantum,  phthisis  and 
pneumonia. 

Diagrams  and  maps  illustrating  epidemics  of  typhoid  fever  in  Springfield 
and  Lowell. 

Engineering  Department  (  Water  Supply  and  Sewerage) . 

Model  of  Lawrence  Experiment  Station,  carefully  constructed  of  wood  and 

iron  painted,  and  in  a  scale  of  one-half  inch  to  the  foot. 
Sand  sieve. 
Steam  sterilizer. 
Thermostat. 
Galvanized-iron  filter. 
Complete  battery  of  stills. 
Sections  of  sand  filters,  in  glass  tubes. 
Apparatus  for  determining  the  color  of  waters. 
Bacteria  stand,  with  tubes. 
Sets  of  double  dishes. 
Large  map  of  Massachusetts  showing  the   normal   chlorine  of  different 

regions. 
Small  map  of  Massachusetts  showing  the   normal  chlorine  of   different 

regions. 
Water-'shed  map  of  Massachusetts. 
Lower  basin  of  Merrimack  River  (blue  print). 
Temperature  chart. 

Chart  showing  advice  to  cities  and  towns,  water  supplies. 
Chart  showing  advice  to  cities  and  towns,  sewage  disposal. 
Chart  showing  average  of  water  analyses. 
Map  of  North  Metropolitan  Sewerage  System. 
Map  of  Lawrence  city  filter. 
Photographs  of  Framingham  sewage  beds. 

Pumping  station. 

Applying  sewage.     (2  photographs.) 

Cornfield  treated  with  sewage. 
Photographs  of  Marlborough  sewage  beds. 

Gate-house. 

Underdrains. 

Filter-bed. 

Filter-beds  after  harrowing. 
Room  36,  Massachusetts  Institute  of  Technology  (Laboratory  of   State 

Board  of  Health).     (2  photographs.) 
Lawrence  Experiment  Station.     (3  photographs.) 
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Photographs  of  bacteria  cultures. 
City  water  of  Lawrence  and  Tank  8. 

Tanks  1,  2,  6  and  13. 
Forty  one-gallon  bottles,  containing :  — 

Samples  of  sewage  applied  to  each  of  the  filters  at  Lawrence,  Framing- 
ham,  etc. 
Samples  of  effluents  from  sewage-filters  at  Lawrence,  Framingham,  etc. 
Samples  of  sewage  containing  dyes  (with  water  before  and  after  filtration) . 
Samples  of  Merrimack  River  water  before  and  after  filtration. 
Samples  of  surface  and  ground  waters  from  rivera,  ponds,  reservoirs, 
wells,  springs,  etc.  (pure  and  polluted). 
Series  of  eight-ounce  bottles  containing  samples  of  filtering  materials,  sand, 
gravel,  etc. 

Department  of  Food  and  Drug  Inspection, 

Charts  showing  ratio  of  adulteration  of  milk  in  Massachusetts. 

Charts  showing  ratio  of  adulteration  of  other  kinds  of  food. 

Charts  showing  ratio  of  adulteration  of  spices. 

Chart  showing  decrease  in  ratio  of  hogs  infected  with  trichinae  under  im- 
proved modes  of  feeding. 

Chart  showing  ratio  of  expenditure  for  food,  clothing,  rent,  fuel,  etc.,  in 
different  countries. 

Micro-photographs  of  pure  articles  of  food:  coffee,  pepper,  mustard, 
cloves,  ginger,  etc. 

Micro-photographs  of  the  same  when  adulterated. 

Samples  of  pure  foods,  in  glass  bottles. 

Samples  of  adulterants  used  in  the  foregoing,  as  sold  commercially  for  tha 
purpose  of  adulteration. 

Models  of  trichinae,  free  (male  and  female)  and  encysted. 

Information  was  received  that  the  Anthropological  Building  would 
be  ready  for  the  reception  of  exhibits  by  the  12th  of  April. 

The  material  was  collected  at  the  building  of  the  Mechanics' 
Charitable  Association  in  Boston,  and  was  boxed,  ready  for  ship- 
ment, in  fifty-four  packages,  and  left  Boston  on  April  10.  It 
arrived  at  the  Fair  grounds  in  good  condition  on  April  12,  but  the 
building  was  then  in  no  condition  to  receive  it,  and  it  was  therefore 
stored  near  by  until  the  building  could  be  completed.  The  roof 
was  not  put  on  till  April  29. 

Prof.  W.  T.  Sedgwick  was  given  charge  of  installing  the  exhibit, 
and  went  to  Chicago  for  that  purpose.  He  obtained  the  services  of 
attendants,  so  that  some  one  was  in  charge  of  the  exhibit  from  the 
ontset  to  the  close  of  the  Exposition,  a  fact  which  contributed  very 
largely  to  its  success. 


xxii  STATE  BOARD  OF  HEALTH.  [Jan. 

In  commenting  upon  this  exhibit,  Mr.  E.  C.  Hovey,  secretary 
and  executive  officer  of  the  Massachusetts  commission  at  the  Fair, 
says :  — 

Two  exhibits  alone  were  well-nigh  worth  the  entire  sum  expended  by 
the  Commonwealth  on  her  contributions  to  these  important  departments. 
The  exhibits  of  the  Massachusetts  State  Board  of  Health  and  the  Rumford 
Kitchen  were  sui  generis,  and  told  to  the  world  in  a  most  striking  manner 
their  story  of  patient  investigation  and  continued  research.  Through  the 
auspices  of  the  State  Board  of  Health  there  was  installed  an  exhibit  which, 
in  a  most  complete  and  graphic  manner,  laid  before  the  visitor  the  work 
which  has  been  accomplished  in  the  State  in  dealing  with  the  problems  of 
health  as  dependent  upon  sanitation.  Here  also  was  to  be  seen  a  model 
of  the  Experiment  Station  in  Lawrence,  which  it  may  be  truly  said  has  not 
its  equal  in  the  country.  The  important  investigations  made  by  the  Board 
of  Health,  looking  to  the  prevention  of  the  adulteration  of  food,  were 
effectively  shown,  and  the  walls  were  covered  with  charts  and  statistics 
which  served  to  demons.trate  the  nature  of  the  researches  made  by  the 
Board,  researches  which  have  had,  and  will  continue  to  have,  marked  in- 
fluence on  the  health  of  the  citizens  of  the  Commonwealth.* 

Many  thousands  of  visitors  viewed  the  exhibit  of  the  Board  dur- 
ing the  continuance  of  the  Fair,  and  especially  during  the  week  of 
the  congress  of  public  hygiene.  The  Board  published  a  large 
edition  of  a  guide  or  prospectus  of  the  exhibit,  which  was  distrib- 
uted free  to  all  visitors.  The  exhibit  also  received  very  favorable 
comment  in  the  various  medical  and  sanitary  periodicals,  not  only 
in  the  United  States  but  also  in  foreign  countries. 

The  following  notice  of  award  has  been  received  by  the  Board :  — 

UNITED   STATES. 

DEPARTMENT   OF   LIBERAL   ARTS. 

Exhibitor.  —  State  Board  of  Health.      Group  147.  —  Class  833. 

Address.  —  Boston,  Mass.  Exhibit.  —  Maps,  Charts  and  Models. 

Award. 

For  exhaustive  examinations  and  reports  upon  the  public  water  supplies 
of  the  State  ;  the  relation  of  water  supply  to  the  public  health,  resulting  in 
a  definite  knowledge  as  to  the  ways  in  which  certain  diseases  are  dissemi- 
nated ;  and  the  best  methods  of  protecting  the  purity  of  waters  used  for 

*  New  KnglADd  Magasine,  February,  1804.    Article  by  Commleeloiier  B.  O.  Hovey. 
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domestic  purposes,  thereby  diminishlDg  the  prevalence  of  water-carried 
diseases. 

For  the  practical  application  of  the  experimental  methods  to  the  opera- 
tion of  sewerage  and  sewage  disposal. 

For  the  construction  of  a  filter  for  the  removal  of  the  germs  of  diseases 
from  the  polluted  water  supply  of  a  city.  . 

For  an  important,  instructive  and  accurate  series  of  statistical  charts 
showing  the  distribution  of  diseases  throughout  the  State. 

For  important  investigations  in  regard  to  food  adulteration. 

(Signed)  John  H.  Rauch, 

Individual  Judge, 
Approved:  Dr.  K.  Buenz, 

President  Departmental  Committee, 

Approved :  John  Boyd  Thaoher, 

Chairman  Executive  Committee  on  Awards. 

Date:  Feb.  28,  1894. 

Expenses  of  the  Exhibit. 

The  expenses  of  this  exhibit  were  as  follows,  a  special  appropria- 
tion having  been  generously  provided  by  the  Legislature,  for  this 
exhibit  as  well  as  for  those  of  other  State  departments  :  — 

Labor  and  cost  of  materials  in  preparing  the  exhibit,                 .        .  $1,514  92 

Bo]dng  and  packing  exhibit, 55  44 

Transportation, 180  06 

Installation, 1,026  89 

Attendance, 1,128  80 

Janitor  service, 98  50 

f  4,004  60 

Manual  of  Health  Laws. 

The  Board  has  published,  at  intervals  of  four  years,  since  1882,  a 
manual  for  the  use  of  boards  of  health,  containing  all  of  the  laws 
relating  to  public  health  which  have  been  enacted  up  to  the  date  of 
publication,  together  with  such  decisions  of  the  supreme  court  as 
have  been  made  upon  the  same  subject. 

Compilations  of  this  character  have  been  issued  in  1882,  1886  and 
1890.  The  edition  of  1890  having  become  exhausted  the  Board 
authorized  the  publication  of  a  new  edition,  which  was  prepared  by 
the  secretary,  with  the  advice  of  Mr.  Tobey. 

The  manual  has  become  an  indispensable  aid  to  local  boards  of 
health,  since  it  obviates  the  necessity  of  owning  not  only  a  copy  of 
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the  Public  Statutes  (edition  of  1882)  but  also  of  each  of  the  Blue 
Books  containing  the  acts  and  resolves  of  each  successive  year  since 
1882.  Copies  of  the  Manual  have  been  furnished  to  each  of  the 
local  boards  of  health  throughout  the  State,  to  the  public  health 
committee  of  the  Legislature,  and  to  other  persons  interested  in 
public  hygiene.  The  book  contains  about  200  pages,  with  a  very 
full  index.  It  has  the  laws  relating  to  the  public  health,  including 
those  which  pertain  to  the  inspection  of  food  and  drugs,  the  regis- 
tration of  vital  statistics  and  the  medical  examiners'  laws. 

Cremation. 

Under  the  provisions  of  chapter  265  of  the  Acts  of  1885  the 
Legislature  authorized  the  formation  of  corporations  for  the  purpose 
of  incinerating  the  bodies  of  the  dead. 

By  the  terms  of  this  act  it  was  provided  that  — 

Every  such  corporation  may  acquire  by  gift,  devise  or  purchase,  and 
hold  in  fee  simple  so  much  real  estate  not  exceeding  in  value  fifty  thousand 
dollars  as  may  be  necessary  for  carrying  out  the  objects  connected  with  and 
appropriate  to  the  purposes  of  said  corporation,  and  situated  in  such  place 
as  the  state  board  of  health  may  determine  to  be  suitable  for  said  objects 
and  purposes.  No  building  shall  be  erected,  occupied  or  used  by  such 
corporation  until  the  location  and  plans  thereof,  with  all  details  of  con- 
struction, have  been  submitted  to  and  approved  by  said  board  or  some  per- 
son designated  by  it  to  examine  them. 

Every  such  corporation  may  make  by-laws  and  regulations  consistent 
with  law  and  subject  to  the  approval  of  said  state  board,  for  the  reception 
and  cremation  of  bodies  of  deceased  persons,  and  for  the  disposition  of  the 
ashes  remaining  therefrom. 

Further  provision  was  made  in  the  same  act  to  prevent  the  con- 
cealment of  crime  in  the  case  of  cremated  bodies. 

Acting  under  the  provisions  of  this  act  the  Massachusetts  Crema- 
tion Society  applied  to  the  Board  April  3,  1893,  requesting  its 
approval  of  a  location  for  a  crematory  in  the  city  of  Boston,  the 
location  being  a  tract  of  nearly  two  acres  on  the  north-west  side  of 
Walk  Hill  Street,  near  the  Forest  Hills  Cemetery. 

The  Board,  after  viewing  the  premises,  approved  the  location. 
Subsequently,  the  plans  and  method  of  cremation  were  submitted 
to  the  Board,  and  after  examination  by  a  competent  engineer  these 
also  were  approved,  together  with  certain  regulations  adopted  by 
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the   society.      The  regulations  approved    by  the  Board   were  as 
follows :  — 

Every  dead  body  received  for  cremation  must,  if  the  death  occurred  in 
Massachusetts,  Rhode  Island,  or  Connecticut,  be  accompanied  by  the  usual 
burial  permit  required  by  law  before  burial,  and  by  certificate  from  the 
medical  examiner  of  the  district  within  which  the  death  occurred,  that  he 
has  viewed  the  body  and  made  personal  inquiry  into  the  cause  and  manner 
of  death,  and  is  of  opinion  that  no  further  examination  or  judicial  inquiry 
concerning  the  same  is  necessary.  Dead  bodies  received  from  states  other 
than  those  above  mentioned  must  be  accompanied  by  the  certificates  of  two 
physicians  (each  of  whom  must  be  a  graduate  of  some  legally  organized 
medical  college,  and  one  of  whom  shall  have  been  the  attending  physician 
of  the  deceased),  setting  forth  the  cause  of  death  and  the  opinion  that  no 
farther  examination  or  judicial  inquiry  concerning  the  same  is  necessary. 

The  crematory  was  completed  and  ready  for  the  reception  of 
bodies  for  incineration  in  December,  and  the  first  cremation  took 
place  on  December  30,  1893.     From  that  date  up  to  the  present 
time  (May,  1894)  the  whole  number  of  bodies  cremated  was  thirty- 
one,  of  which  number  sixteen  were  males  and  fifteen  were  females. 

Food  and  Drug  Inspection. 

The  work  of  the  Board  in  this  department  has  progressed  uni- 
formly during  the  year,  attention  being  paid  to  the  inspection  of 
all  articles  which  properly  come  within  the  provisions  of  the  food 
and  drug  acts,  as  oflered  for  sale  in  the  different  cities  and  towns 
throughout  the  State. 

Special  attention  has  been  given  to  the  examination  of  the  methods 
of  food  inspection  as  practised  in  other  countries,  with  the  view  of 
improving  our  own  where  improvement  is  possible. 

In  the  examination  of  reports  of  food  inspection  of  other  countries 
it  appears  that  the  general  ratio  of  adulteration  is  usually  less  than 
that  of  Massachusetts,  a  fact  which  requires  explanation,  since  the 
difference  is  apparent  and  not  real.  The  law  in  this  Commonwealth 
requires  that  three-fifths  of  the  appropriation  shall  be  expended  in  the 
inspection  of  milk  and  milk  products,  consequently  a  large  portion 
of  the  samples  taken  for  examination  are  samples  of  milk.  The  legal 
standard  of  milk  is  high  as  compared  with  that  of  other  countries. 
In  most  countries  this  standard  (when  a  standard  is  adopted)  is  11^ 
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per  cent,  of  total  solids,  while  in  Massachusetts  the  standard  is  13 
per  cent.,  except  in  May  and  June,  when  it  is  12  per  cent. 

Between  these  two  limits  of  12  and  13  per  cent,  a  considerable 
percentage  of  milk  is  produced  by  cows.  The  effect  of  this  annual 
change  of  standard  for  two  months  of  the  year  shows  itself  in  a 
very  marked  degree  upon  the  ratio  of  adulteration,  that  is  to  say  of 
legal  adulteration  or  departure  from  the  standard  as  defined  by  law. 
During  the  two  months  of  May  and  June  the  ratio  of  samples  of 
milk  found  to  be  below  the  legal  standard  of  12  is  often  as  low  as 
12  or  15  per  cent,  of  the  whole,  while  in  the  other  ten  months  it 
often  rises  to  40  and  even  to  50  per  cent,  and  higher,  since  a  very 
considerable  part  of  all  the  samples  range  between  these  two  points, 
12  and  13  per  cent,  of  solids. 

In  the  report  of  the  analyst  may  be  found  the  results  of  the  work 
accomplished  during  the  year  in  this  direction.  In  addition  to  the 
usual  routine  work  a  special  analysis  of  bread  and  of  cheese  was 
made,  the  results  of  which  are  published  in  the  analyst's  report. 

The  total  number  of  samples  of  articles  of  food  and  drugs  which 
were  examined  during  the  year  was  6,409. 

The  number  of  prosecutions  conducted  was  96,  and  the  amount  of 
fines  collected  and  paid  into  the  local  treasuries  was  $2,476. 

The  eflSciency  of  the  work  accomplished  by  the  Board  in  this 
department  has  been  frequently  acknowledged  by  the  authorities 
of  other  States,  as  well  as  by  the  dealers  in  food  supplies  in  our 
own  State. 

The  actual  economic  value  of  this  continuous  work  to  the  State 
has  been  already  mentioned  in  previous  reports.  It  is  sufficient  to 
say  that  the  advantages  gained  far  outweigh  the  cost  of  enforcing 
the  statutes. 
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Registkation  of  Vital  Statistics. 

In  the  following  summary  of  the  vital  statistics  of  the  State  for 
the  year  1892,  the  estimate  of  population  employed  as  a  basis  is 
made  upon  the  same  plan  as  that  of  the  previous  year,  namely,  the 
geometric  rate  of  increase.  Upon  this  basis  the  estimate  of  popula- 
tion for  the  year  1892  is  2,369,993. 

There  were  22,507  marriages,  65,824  living  births,  2,293  still- 
births and  48,762  deaths  registered  in  Massachusetts  in  1892. 

The  ratios  to  the  estimated  living  population  were  as  follows  :  — 

Marriage  rate, 9.50  per  1,000  of  the  liviDg  population. 

PersoDS  married, 18.99    "       "        "  "  *' 

Birthrate, 27.77    ""        ••  **  " 

Death  rate, 20.67    "       *•        *•  "  *• 

Excess  of  birth  rate  over  death  rate,    .  7.20    "       "        "  " 
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International  Vital  Statistics.  ^ 

Id  the  following  summary  are  presented  the  marriage,  birth  and 
death  rates  of  the  six  New  England  States  and  those  of  the  principal 
countries  of  Europe  having  registration  for  a  period  of  twenty  years 
(1871-90)  and  for  the  years  1891  and  1892.  The  first  year  of 
registration  of  Maine  completes  the  list  of  the  New  England  States 
for  the  year  1892. 

The  six  New  England  States  embrace  a  population  ot  about  five 
millioDs,  and  the  entire  population  of  the  countries  embraced  in  this 
summary  numbers  about  two  hundred  and  twenty-five  millions. 
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Marriages. 

The  Dumber  of  marriages  (22,507)  was  greater  than  that  of  any- 
previous  year.  The  greatest  number  occurred  in  November  (2,716) 
and  the  least  number  in  March  (1,037). 

The  marriage  rate  was  18.99,  and  was  higher  than  that  of  any 
year  since  1887,  when  it  was  19.0.  The  estimated  marriage  rate  of 
the  decennial  period  ending  with  1892  was  18.61. 

Births. 

The  number  of  living  births  registered  in  Massachusetts  during 
the  year  1892  was  65,824,  and  the  birth  rate,  as  calculated  upon  an 
estimated  population  of  2,369,993,  was  27.77  per  1,000  of  the  living 
population.  This  was  the  highest  birth  rate  of  any  year  since  1874, 
when  it  was  28.32.  The  lowest  birth  rate  in  the  intervening  period 
was  that  of  1879,  which  was  22.94.  The  estimated  birth  rate  of 
the  decennial  period  ending  with  1892  was  26.08. 

The  ratio  of  males  to  females  among  living  births  where  the  sex 
vas  stated  was  105.6  females  to  each  100  males. 

The  greatest  number  of  births  occurred  in  December  and  the 
least  number  in  February. 

There  were  990  illegitimate  births  registered,  or  15  per  1,000  of 
the  living  births  registered  during  the  year,  as  compared  with  1,078, 
orl7.1  per  1,000  in  1891. 

The  births  in  the  thirty  cities  were  46,597,  as  compared  with 
^,828  in  1891,  an  increase  of  6.3  per  cent.  Those  in  the  remainder 
<>fthe  State  were  19,227,  as  compared  with  19,176  m  1891,  an 

• 

increase  of  less  than  three-tenths  of  1  per  cent. 

Deaths. 

The  number  of  deaths  (48,762)  was  greater  than  that  of  any  pre- 
vious year.  The  death  rate  (20.57  per  1,000)  was  higher  than  that 
of  any  previous  year  since  1875.  The  estimated  death  rate  of  the 
decennial  period  ending  with  1892  was  19.64. 

Infant  Mortality,  —  The  number  of  deaths  of  infants  under  one 
year  old  was  10,649,  or  21.84  of  the  total  mortality,  which  was  less 
than  that  of  either  1891  or  1890,  and  was  also  greater  than  the  mean 
of  the  twenty-year  period  (1873-92). 

The  deaths  of  children  under  five  were  15,225,  or  31.22  per  cent, 
of  the  total  mortality,  which  was  less  than  that  of  any  year  for  the 
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past  twenty  years  except  that  of  1882,  which  was  nearly  identical 
with  it. 

As  compared  with  the  births,  the  mortality  of  infants  under  one 
was  16.18  per  cent,  of  the  living  births,  which  was  slightly  greater 
than  that  of  1891,  and  also  greater  than  the  mean  of  the  twenty- 
year  period  (1873-92). 

The  deaths  of  centenarians  reported  in  1892  were  thirteen  in 
number,  nine  of  whom  were  women,  and  ten  were  of  foreign  birth. 
Of  the  three  women  who  were  of  native  birth,  one  died  in  her  native 
town,  and  each  of  the  others  in  a  town  adjoining  her  native  town. 

Sex. — The  deaths  of  males  were  24,643  and  those  of  females 
24,119.  But,  by  the  census  of  1890,  the  females  were  largely  in 
excess  of  the  males,  in  the  ratio  of  51.42  per  cent,  of  the  former  to 
48.58  of  the  latter  (nearly).  If  the  same  ratio  prevailed  in  1892, 
the  death  rate  of  males  was  21.40  per  1,000,  and  that  of  females 
19.79,  these  ratios  being  in  each  case  higher  than  those  of  the  census 
year  1890,  and  also  higher  than  the  mean  of  the  seven  census  years, 
1860,  '65,  70,  75,  '80,  '85,  '90. 

Stating  this  more  clearly,  the  deaths  of  males  to  1,000  deaths  of 
females  in  equal  numbers  living  were  1,059  in  1890,  while  in  1892, 
the  difference  in  population  of  the  two  sexes  being  estimated  in  the 
same  ratio,  the  deaths  of  males  to  1,000  females  in  equal  numbers 
living  were  1,081.  In  England,  for  1891,  the  deaths  of  males  to 
1,000  deaths  of  females  were  1,128,  and  for  the  ten-year  period 
(1881-90)  they  were  1,123. 

Causes  of  Death, 

The  number  of  deaths,  the  causes  of  which  were  not  registered  in 
1892,  was  470,  or  .96  of  1  per  cent,  of  the  mortality  from  all 
causes.  This  ratio  was  smaller  than  that  of  any  previous  year  since 
the  beginning  of  registration,  except  that  of  1891,  which  was  .9  of 
1  per  cent. 

The  average  of  the  ten  years  ending  with  1892  was  1.23  per 
cent,  of  the  total  mortality  of  the  period. 

The  sanitary  significance  of  a  table  in  which  is  presented  the  ratio 
of  deaths  from  specified  causes,  or  groups  of  causes,  to  the  living 
population,  must  be  acknowledged,  as  compared  with  the  older 
method  of  comparison  w^th  the  total  mortality.  Hence  the  follow- 
ing table  is  introduced,  in  which  are  presented  the  deaths  from  each 
group  of  causes,  together  with  the  rate  per  million  living  for  each 
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^oup  for  1892,  and  the  rate  per  million  for  each  year  of  the  period 
(1883-92). 

The  practical  value  of  international  vital  statistics  becomes  more 
apparent  every  year.  An  impetus  has  been  given  to  such  work  by 
the  labors  of  the  International  Statistical  Institute,  which  convened 
at  Chicago  in  1893. 

For  the  sake  of  comparison  the  column  of  means  for  the  ten- 
year  period  (1881-90)  for  England  has  been  added  to  the  follow- 
ing table  from  the  Fifty-fourth  Report  of  the  Registrar  General  of 
England  for  1891. 

The  deaths  from  the  group  of  infectious  diseases  in  Massachu- 
setts in  1892  were  greater  than  the  mean  for  the  ten-year  period 
(1883-92). 

The  deaths  from  the  group  of  constitutional  diseases  in  1892  were 
less  than  those  of  the  ten-year  period. 

The  deaths  from  the  developmental  group  of  causes  were  slightly 
less  than  those  of  the  decade. 

The  deaths  from  local  diseases  have  increased  from  a  rate  of  7,572 
per  million  in  1884  to  9,651  per  million  in  1892.  The  mean  ratio 
for  the  period  was  8,496. 

The  deaths  from  violence  have  not  varied  very  greatly,  the  extremes 
being  894  per  million  in  1883,  and  748  in  1884,  while  the  mean  was 
815. 

The  deaths  from  ill-defined  and  unspecified  causes  have  generally 
diminished  from  a  maximum  of  357  per  million  in  1883  to  a  mini- 
mum of  176  in  1891,  the  mean  being  242. 

The  lower  line  may  be  read  as  a  general  death  rate  per  million, 
or  per  thousand  of  the  population,  as  convenience  may  dictate,  in 
the  latter  case  the  comma  being  used  as  a  decimal  point. 
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In  the  last  two  tables  are  presented  the  Dumbers  of  deaths,  the 
death  rates  per  10,000  of  the  living  population  and  the  percentage 
of  the  total  mortality  for  each  of  the  twenty  years  ending  with  1892 
and  for  each  of  thirteen  prominent  causes  and  groups  of  causes  of 
death. 

Small-pox,  —  The  number  of  deaths  from  small-pox  during  the 
year  was  2,  as  compared  with  1  in  1891,  1  in  1890,  4  in  1889  and  8 
in  1888. 

Compared  with  the  estimated  living  population  the  death  rate  from 
this  cause  was  only  .01  of  1  per  10,000  and  the  percentage  of  the 
total  mortality  was  only  .004  of  1  per  cent.  (Further  information 
relative  to  the  prevalence  of  small-pox  will  be  found  under  the  head 
of  infectious  diseases,  page  viii.) 

Measles.  — The  number  of  deaths  from  measles  in  1892  was  88,  as 
compared  with  236  in  1891  and  114  in  1890.  The  death  rate  per 
10,000  of  the  estimated  population  from  this  cause  was  .4  and  the 
percentage  of  the  total  mortality  was  .18. 

The  number  of  deaths  from  this  cause  was  less  than  that  of  any 
year  since  1884,  when  it  was  75.  The  minimum  death  rate  from 
this  cause  for  the  twenty-year  period  was  .1  per  10,000  in  1879, 
and  the  maximum  was  2.2  in  1887. 

Scarlet  Fever,  — The  number  of  deaths  from  scarlet  fever  in  1892 
was  669,  as  compared  with  246  in  1891  and  196  in  1890  and  was 
the  greatest  number  in  any  year  since  1879. 

The  death  rate  per  10,000  of  the  estimated  population  from  this 
cause  was  2.8  and  the  percentage  of  the  total  mortality  1.37. 

The  minimum  death  rate  from  this  cause  for  the  twenty-year 
period  (1873-92)  was  .8  per  10,000  in  1889,  and  the  maximum  was 
10.2  in  1875. 

Diphtheria  and  Croup,  —  The  number  of  deaths  from  diphtheria 
Hnd  croup  in  1892  was  1,455  as  compared  with  1,218  in  1891  and 
1,626  in  1890. 

The  death  rate  per  10,000  of  the  estimated  living  population  was 
6.1  and  the  percentage  of  the  total  mortality  was  2.98. 

The  minimum  death  rate  from  these  causes  for  the  twenty-year 
period  ending  with  1892  was  4.7  per  10,000  in  1873,  and  the  maxi- 
mum was  19.6  in  1876. 

The  mean  death  rate  from  these  causes  for  the  first  half  of  the 
twenty-year  period  was  much  greater  than  that  of  the  last  half. 
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Typhoid  Fever.  —  The  number  of  deaths  from  this  cause  in  1892 
was  827,  as  compared  with  821  in  1891  and  835  in  1890. 

The  death  rate  from  this  cause  per  10,000  of  the  estimated  popu- 
lation was  3.5  and  the  percentage  of  the  total  mortality  was  1.69. 

The  minimum  death  rate  for  the  twenty-year  period  ending  with 
1892  was  3.5  per  10,000  in  1892,  and  the  maximum  was  8.9  in  1873, 

The  mean  death  rate  from  this  cause  for  the  first  half  of  the 
twenty-year  period  was  considerably  greater  than  that  of  the  last 
half. 

Cholera  Infantum,  —  The  number  of  deaths  from  cholera  infantum 
in  1892  was  2,898,  as  compared  with  2,771  in  1891  and  2,491  in 
1890. 

The  death  rate  from  this  cause  per  10,000  of  the  population  was 
12.2  and  the  percentage  of  the  total  mortality  was  5.94. 

The  minimum  death  rate  from  cholera  infantum  in  the  twenty- 
year  period  was  7.7  per  10,000  of  the  estimated  population  in  1879, 
and  the  maximum  was  16.2  in  1873,  the  first  year  of  the  period. 
In  the  previous  year  (1872)  however,  the  death  rate  from  this  cause 
was  higher  than  that  of  any  year  of  registration  either  before  or 
since  that  date. 

Consumption.  — The  number  of  deaths  from  this  disease  in  1892 
was  5,739,  as  compared  with  5,484  in  1891  and  5,791  in  1890. 

The  death  rate  per  10,000  of  the  estimated  population  from  this 
cause  was  24.2  and  the  percentage  of  the  total  mortality  11.77. 

The  minimum  death  rate  from  this  cause  for  the  twenty-year 
period  ending  with  1892  was  23.8  per  10,000  in  1891,  and  the  maxi- 
mum was  35.3  in  1873,  the  first  year  of  the  period. 

In  comparing  the  two  ten-year  periods  1873-82  and  1883-92, 
there  is  found  to  be  a  very  marked  decrease  in  the  mean  death  rate 
of  the  latter  as  compared  with  that  of  the  former. 

Pneumonia.  —  The  deaths  from  pneumonia  were  5,020,  as  com- 
pared with  4,337  in  1891  and  4,038  in  1890. 

The  death  rate  from  this  cause  per  10,000  of  the  estimated  popu- 
lation was  21.2  and  the  percentage  of  the  total  mortality  10.29. 

The  minimum  death  rate  from  pneumonia  for  the  twenty-year 
period  (1873-92)  was  11.6  per  10,000  in  1877  and  the  maximum 
was  21.2.  The  increase  in  the  death  rate  from  pneumonia  during 
the  twenty-year  period  was  greater  than  the  decrease  in  the  death 
rate  from  consumption. 
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Whooping-cough, — The  deaths  from  whooping-cough  in  1892 
were  248,  as  compared  with  219  in  1891  and  363  in  1890. 

The  death  rate  per  10,000  of  the  estimated  population  from  this 
cause  was  1  and  the  percentage  of  the  total  mortality  was  .51  of  1 
per  cent. 

The  minimum  death  rate  of  the  twenty-year  period  ending  with 
1892  was  .7  per  10,000  in  1883  and  the  maximum  was  2.8  in  1874. 
Cancei\ — The  deaths  from  cancer  in  1892  were  1,402,  as  com- 
pared with  1,395  in  1891  and  1,387  in  1890. 

The  death  rate  from  this  cause  per  10,000  of  the  living  population 
was  5.9  in  1892  and  the  percentage  of  the  total  mortality  was  2.87. 

The  minimum  death  rate  from  this  cause  for  the  twenty-year 
period  was  3.5  per  10,000  in  1875,  and  the  maximum  was  6.2  in 
1890. 

There  was  a  comparatively  steady  increase  in  the  death  rate  from 
cancer  from  1877  to  1890  and  then  a  slight  decrease  in  the  last  three 
years  of  the  period. 

Kidney  Diseases. — The  number  of  deaths  from  kidney  diseases 
in  1892  was  1,535,  as  compared  with  1,474  in  1891  and  1,273  in 
1890. 

The  death  rate  per  10,000  of  the  estimated  population  from  this 
group  of  causes  in  1892  was  6.5  and  the  percentage  of  the  total 
mortality  was  3.15. 

There  was  an  increase  with  considerable  regularity  in  the  mortality 
froDi  this  cause  during  the  twenty-year  period,  from  a  minimum  of 
2.9  per  10,000  of  the  population  in  1873  to  the  maximum  of  6.5  per 
10,000  in  1892.  This  excessive  increase  is,  however,  more  appar- 
ent than  real,  and  may  be  interpreted  as  mainly  due  to  more  intelli- 
gent methods  of  diagnosis. 

Heart  Diseases,  —  The  number  of  deaths  from  heart  diseases 
registered  in  1892  was  3,733,  as  compared  with  3,592  in  1891  and 
3,417  in  1890. 

The  death  rate  per  10,000  of  the  estimated  population  from  this 
group  of  causes  was  15.7  and  the  percentage  of  the  total  mortality 
was  7.65. 

There  has  been  a  tolerably  uniform  increase  in  the  death  rate  from 
this  group  of  causes  during  the  twenty-year  period,  the  minimum 
death  rate  being  7.9  per  10,000  in  1873,  74  and  77  and  the  maxi- 
mum 15.7  in  1892. 
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Brain  Diseases.  —  This  group  includes  the  deaths  attributed  to 
apoplexy,  paralysis,  insanity,  the  indefinite  term  <<  cephalitis,**  soften- 
ing of  the  brain  and  other  unspecified  diseases  of  the  brain,  the 
whole  number  of  deaths  from  this  group  in  1892  being  5,036  as 
compared  with  4,711  in  1891  and  4,389  in  1890. 

The  death  rate  per  10,000  of  the  estimated  population  from  these 
causes  in  1892  was  21.2  and  the  percentage  of  the  total  moilality 
was  10.33. 

The  minimum  death  rate  from  this  cause  for  the  twenty-year 
period  was  13.5  in  1877,  and  the  maximum  was  21.4  in  1888.  The 
mean  death  rate  from  these  causes  in  the  last  half  of  the  period  was 
considerably  greater  than  that  of  the  first  half.  For  the  last  eight 
years  of  the  period  the  death  rate  from  these  causes  was  nearly 
stationary. 

The  deaths  from  local  diseases  in  Massachusetts  have  not  difiered 
very  greatly  in  their  relative  incidence  upon  the  population,  from 
those  of  England,  as  is  shown  in  the  following  quotation  from  the 
Registrar  General's  Fifty-fourth  Annual  Report  for  1891. 

^^  Local  Diseases, — The  most  noticeable  feature  presented  by  the  dis- 
eases included  in  this  class  was  the  great  increase  of  mortality  from  diseases 
of  the  Circulatory  and  Respiratory  Systems.  The  rates  respectively  were 
1,82G  and  4,474  per  raillion  living,  and  in  each  case  the  highest  on  record. 
The  explanation  is  doubtless  to  be  fouud  in  the  prevalence  of  epidemic 
influenza.  The  deaths  from  nervous  diseases,  however,  showed  no  such 
increase.  They  were  in  the  proportion  of  1,748  to  a  million  living;  and 
this  rate  differed  but  little  from  those  of  the  three  next  preceding  years. 
The  mortality  from  diseases  of  the  Urinary  System  was  467  per  million 
living,  tills  being  the  highest  rate  yet  recorded,  and  marking  a  further  step 
in  the  almost  continuous  increase  shown  for  a  long  series  of  years  under 
this  heading." 


From  certain  infectious  causes  not  mentioned  in  the  foregoing 
enumeration  there  were  the  following  numbers  of  deaths  in  1892 ; 
those  of  1891  are  also  presented,  for  the  purpose  of  comparison  :  — 
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NuMBBK  or  Deaths. 

NUMBBR  OF  DBATHS. 

1891.         1892. 

1891. 

1898. 

Cerebro>ipinal  meningitis,    . 
Eryiipelas,      .... 
Puerperal  fever,     . 
Inflaeoza,        .... 
Dysentery 

154 

210 

66 

546 

234 

86 
234 

81 
067 
198 

Diarrhoea,      .... 

1  Malarial  fevers,     . 
Hydrophobia,        •       .       . 
Glanders 

Malignant  pustule, 

1 

639 

62 

9 

1 
1 

634 

81 

1 

0 

6 

Malarial  Fevers.  —  There  were  in  all  81  deaths  registered  in  1892 
from  ague  and  remittent  fevers.     These  occurred  as  follows  :  — 


Worcester  County,      .       .       .       . 

16 

1  Berkshire  County,       .... 

3 

Hampden        ** 

,  -    , 

15 

Dukes             "             .... 

1 

Middlesex       " 

10 

Franklin         **             .... 

1 

enffolk 

9 

Plymouth        **             .... 

1 

Bristol 

8 

Barnstable      "             .... 

0 

Essex               ** 

Hmmpahire      ** 

6 
6 

Nantucket      **            .... 

0 

Norfolk, 

.     •  . 

5 

Total 

81 

The  number  of  registered  deaths  from  the  same  causes  in  1891 
was  62,  and  in  1890  60,  and  the  total  number  for  the  ten  years  end- 
ing with  1892  was  584. 

Influenza.  —  For  the  purpose  of  comparison  the  statistics  relating 
to  influenza  which  were  published  in  the  last  report  (p.  xxxiv.)  and 
also  in  the  Forty-ninth  Registration  Report,  1890,  are  here  repro- 
duced together  with  those  of  1892. 

The  deaths  from  certain  diseases  of  the  respiratory  organs  and 
from  heart  diseases  are  also  given  in  the  same  table. 
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Mortality  from  All  Causes,  and  from  Influenza,  Pneumonia,  PAiAims,  BronehilU 

and  Heart  DUeases,  by  Months,  for  1889, 1890, 1891  and  1892. 
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Ad  examination  of  these  tables  shows  quite  plainly  the  sharp  rise 
in  the  mortality  from  influenza  with  a  coincident  rise  in  the  mortality 
from  pneumonia,  phthisis,  bronchitis  and  heart  diseases  in  the  winter 
of  1889-90,  culminating  in  January ;  another  epidemic  of  less  mag- 
nitude in  the  spring  of  1891,  culminating  in  April  and  May,  and  the 
still  greater  epidemic  of  the  winter  of  1891  and  '92  culminating  in 
January,  1892. 

These,  together  with  other  minor  causes,  increased  the  mortality 
of  January  1892  to  6,309  deaths  which  was  greater  by  2,246  than 
the  mean  monthly  mortality  of  the  year,  and  greater  by  more  than 
1,000  than  the  mortality  of  any  month  in  the  ten-year  period  (1883- 
1892). 

Hydrophobia.  —  The  mortality  from  this  cause  which  had  attained 
to  considerable  numbers  in  1889  and  1890,  again  fell  to  a  single 
death  in  1892. 

During  the  six  years  ending  with  1887  there  had  been  no  reported 
deaths  from  this  cause.  There  were  then  2  deaths  from  hydrophobia 
in  1888,  14  in  1889,  17  in  1890,  9  in  1891  and  1  in  1892. 

The  Tvhole  number  of  deaths  from  this  cause  for  the  period  of 
registration  ending  with  1892  (fifty-one  years  and  eight  months) 
was  116,  of  which  number  96  or  82.8  per  cent,  were  males  and  20 
were  females. 

Mortality  of  Cities. 

The  rapid  growth  of  the  urban  population  in  Massachusetts  as 
contrasted  with  that  of  the  smaller  towns  is  a  sufficient  reason  for 
publishing  in  a  separate  table  the  number  of  deaths  from  all  causes 
together  with  those  from  the  principal  infectious  diseases  in  each 
city  in  the  State. 

By  this  table  it  appears  that  the  total  number  of  deaths  in  the 
cities  in  1892  was  32,202  as  compared  with  30,049  in  1891,  ani 
those  in  the  towns  were  16,560  as  compared  with  15,136  in  1891.. 

The  population  of  the  30  cities  including  Medford  and  Everett,  by^ 
the  census  of  1890  was  1,394,444  or  62.3  per  cent,  and  that  of  the 
towns  was  844,499  or  37.7  per  cent,  of  the  total  population,  while  a 
half  century  earlier,  the  census  showed  that  the  cities  (or  places 
having  more  than  10,000  m  each)  constituted  less  than  one-fourth, 
of  the  population. 


STATE  BOARD  OF  HEALTH. 


I 


"Ira 


Hi 


II- 

Hi 


ZSSSnSSS3SSSZtSE^'Sn3^St:S9SnS:i^ 


|ggS£^S£3S£f:SS$eSS3S3CSS?3SSSS 


ggggSSSSf:S?$;!8S8SES$^»SSS3 


S8SS3Sa$S~, 


32aaa=a2Ssas2:;S25S=K:225Ea5E 


gSJIglSSI^S^IsSsSiHSI^IsREssSS 


§lAS.3SPi^HleSS3^§S§S^g|gS§gia 


H  * 


ii 


-=Sps  -  -5=2  .EBrtF-E--     «     -      ' 

^ -s  ±  £ =.;  j  #  ^  i=^.£  ^  £  •:  ic  iSj 


«,*«— =s-323-5E2285B!iaassaaa 


1894.] 


PUBLIC  DOCUMENT  — No.  34. 


xliii 


The  growth  of  the  cities  included  in  the  foregoing  table  was 
approximately  at  the  rate  of  3^  per  cent,  per  year  for  the  period 
1885  to  1890.  While  that  of  the  remainder  of  the  State  was  at 
the  rate  of  only  l^Vj  P®^  cent,  (geometric  rate). 

Estimating  the  growth  in  1892  at  the  same  rates  for  these  two 
classes  of  the  population,  the  mortality  rates  from  the  principal  dis- 
eases included  in  the  foregoing  table  are  presented  in  the  following 
table.  In  the  two  lower  lines  the  mortality  rates  are  reduced  to  a 
standard  of  1,000  in  the  urban  population  for  the  convenience  of 
comparison,  and  may  be  read  as  follows  :  — 

For  every  1,000  deaths  from  all  causes  in  the  urban  population, 
there  were  879  deaths  in  the  remainder  of  the  State  in  equal  num- 
bers living.     For  every  1,000  deaths  from  consumption  in  the  urban 

population,  there  were  794  deaths  in  the  remainder  of  the  State  in 

equal  numbers  living. 


Death  Bales  Jroin  Certain  Diseases  in  1892,  ^jer  10,000  of  the  Estimated  Living 
Population,  and  the  same  Reduced  to  a  Standard  of  1,000  in  the  Urban  or  Dense 
Population. 
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The  Significance  of  General  or  Crude  Death  Rates. 

The  crude  death  rate  obtained  by  estimating  the  ratio  of  the 
number  of  deaths  to  the  living  population  has  been  employed  for 
many  years  as  an  index  of  the  sanitary  condition  of  a  community, 
and  for  comparing  its  sanitary  condition  with  that  of  other  com- 
munities. While  this  method  may  be  trusted  in  the  comparison  of 
the  death  rates  of  a  nation,  a  Stale,  county,  city  or  town  at  different 
periods  of  time  (since  the  age  and  sex  distribution  of  communities 
remain  fairly  constant  when  comparisons  are  made  for  brief  periods 
or  successive  years) ,  it  cannot  be  trusted  for   the  comparison  of 


xliv  STATE  BOARD   OF  HEALTH.  [Jan 

different  towns,  cities,  States  and  countries  with  each  other,  whei 
the  age  and  sex  distribution  differs  widely  as  for  example,  in  oui 
own  State,  in  the  case  of  Barnstable  and  Bristol  counties,  or  Bam 
stable  and  Suffolk. 

In  support  of  this  statement  Dr.  Farr  says  **  Independently  of 
other  causes  of  variation,  the  mortality  of  different  populations  wil 
differ  according  as  they  consist  of  numbers  in  various  proportions  ai 
the  ages  at  which  the  mortality  is  high  or  low." 

**  It  is  not  too  much  to  sav  that  death  rates  calculated  on  the  srosi 
population  are  practically  worthless  as  evidence  of  the  sanitary  con- 
ditions of  communities  less  than  entire  nations."  Dr.  E.  F.  Will 
oughby.  Hand-book  of  Public  Health  and  Demography. 

For  the  purpose  of  facilitating  the  methods  of  correcting  deatl 
rates  according  to  age  and  sex  distribution.  Dr.  Ogle  of  the  Britisl 
Registrar  General's  oflSce  and  J.  Korosi,  Director  of  Statistics  of 
Hungary,  have  proposed  the  employment  of  standards  of  populatior 
in  which  a  normal  or  standard  distribution  of  ages  and  ^exes  ic 
presented.  For  this  purpose  Dr.  Ogle  combines  the  populations  of 
seven  principal  European  countries  including  about  170  million 
inhabitants  and  presents  a  table  in  which  the  average  distribution  of 
these  populations  is  given  by  sexes  and  age  periods,  the  whole 
number  of  such  periods  being  twelve.  For  the  purpose  of  compari- 
son with  other  countries,  States,  cities  or  smaller  communities,  thie 
method  has  the  disadvantage  of  requiring  an  amount  of  computation 
which  becomes  burdensome,  and  secondly,  the  age  periods  employed 
above  20  years  do  not  correspond  with  those  which  have  usually 
been  adopted  in  Massachusetts  and  other  American  communities,  and 
while  there  are  some  advantages  in  adopting  a  distribution  into  the 
periods  25-35,  35-45,  etc.,  instead  of  20-30,  30-40,  etc.,  the  differ 
ences  are  so  slight  as  not  to  make  it  advisable  to  change  the  existing 
methods. 

Korosi  of  Buda-Pesth  suggests  a  method  which  is  less  cumbrom 
than  the  foregoing.  He  does  not  deem  it  essential  for  this  purpose 
to  adopt  a  sex  distribution,  but  employs  a  distribution  of  ages  onlj 
and  divides  them  into  four  periods  as  follows  :  — 

All  ages  under  one  year. 
One  to  twenty  years. 
Twenty  to  fifty  years. 
All  over  fifty  years. 
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For  the  purpose  of  comparison  he  suggests  the  use  of  a  standard 
representing  a  healthy  population  having  a  constantly  low  death  rate 
as  is  the  case  with  Sweden. 

The  foregoing  age  periods  were  adopted  by  M.  K5r5si  after  trials 
with  different  periods.  They  differ  somewhat  from  those  which  have 
been  in  use,  but  he  states  that  it  *'  was  found  to  be  preferable  to 
group  the  first  year  separately,  and  that  there  was  no  sensible  change 
produced  by  placing  the  next  nineteen  years  in  one  single  group.** 


The  Returns  of  Medical  Examiners. 

The  whole  number  of  returns  of  medical  examiners  for  the  year 
1892,  under  the  provisions  of  the  inquest  laws,  was  2,210. 

Of  this  number,  72  or  3.26  per  cent,  were  deaths  by  homicide,  274 
or  12.40  per  cent,  were  suicides,  974  or  44.07  percent,  were  deaths 
from  accident  or  negligence,  and  890  or  40.27  per  cent,  were  the 
result  of  causes  not  due  to  violence,  but  to  different  natural  causes 
and  alcoholism.  More  than  one-half  of  this  group  were  from  heart 
diseases  and  diseases  of  the  nervous  system  usually  of  a  sudden 
character. 

Sex.  —  Out  of  the  whole  number  of  deaths  returned  by  the  medi- 
cal examiners  1,642  or  74.3  were  those  of  males,  560  or  25.3  were 
of  females,  and  the  sex  of  8  was  not  stated. 

The  following  summary  presents  the  data  of  these  cases  by  sexes 
for  the  period  of  eight  years  (1885-92). 
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1,278 
1,378 
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I     13,340 
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In  the  following  summary  these  deaths  are  classified  into  four 
groups  as  in  previous  reports.  The  percentage  of  each  group  for 
each  year  being  stated  :  — 
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The  ratio  of  deaths  investigated  by  the  medical  examiners  to  the 
estimated  population  of  Massachusetts  in  1892  was  .99  of  1  per 
1,000  and  the  percentage  of  the  total  mortality  was  4.5. 


In  England  during  the  year  1891  the  ratio  of  deaths  submitted  to 
inquest,  as  compared  with  the  total  population  was  1.12  per  1,000  and  the 
percentage  of  the  total  mortality  was  5.5. 

Of  the  total  number  of  deaths  (32,432)  referred  to  the  coroners  for 
inquest  12,94G  or  39.9  per  cent,  were  not  due  to  violence ;  this  percentage 
being  very  nearly  identical  with  the  mean  for  Massachusetts  for  the  eight 
years  (1885-92)  ;  51.40  per  cent,  of  the  whole  were  deaths  from  accident 
and  negligence ;  7.6G  per  cent,  were  deaths  from  suicide,  and  .97  of  1  per 
cent,  were  deaths  determined  to  be  due  to  murder  and  manslaughter. 

Of  the  deaths  due  to  accident,  77.2  per  cent.,  and  of  those  due  to 
suicide,  75  per  cent,  were  of  males,  while  the  deaths  from  murder  and 
manslaughter  were  divided  between  the  sexes  In  nearly  equal  numbers,  158^ 
males  and  157  females. 
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Water  Supply  and  Sewerage. 

The  general  law  giving  to  the  State  Board  pf  Health  supervision 
of  inland  waters,  and  imposing  certain  duties  upon  the  Board  in 
relation  to  water  supplies  and  systems  of  sewerage  and  sewage  dis- 
posal has  been  so  frequently  quoted  in  the  recent  reports  of  the 
Board  that  it  is  not  essential  to  quote  the  statute  again  in  full. 

Actinof  under  the  Statutes  of  1888  the  work  of  the  Board  in  this 
direction  has  been  conducted  during  the  past  year  in  the  same 
manner  as  in  previous  years.  This  work  now  constitutes  a  very 
important  branch  of  the  operations  of  the  Board. 

The  report  of  this  department  of  the  Board  for  1893  comprises 
the  following  topics  :  — 

The  advice  of  the  Board  to  the  authorities  of  cities,  towns  and 
corporations  and  individuals  upon  proposed  or  existing  systems  of 
water  supply  and  sewage  disposal  under  the  provisions  of  section 
3  of  chapter  375  of  the  Acts  of  1888. 

A  continuation  of  the  examination  of  water  supplies,  comprising 
the  results  of  chemical  and  microscopical  examinations  of  public 
water  supplies.  The  examination  of  the  waters  of  the  following 
rivers,  the  Blackstone,  Charles,  Merrimack,  Nashua,  Neponset, 
Housatonic  and  Taunton  were  continued  and  other  examinations 
were  made  of  the  Charles,  Deertield,  Shawsheen  and  Ware  and  the 
Nashua  and  its  tributaries  in  connection  with  the  investigations  for  a 
Metropolitan  water  supply. 

In  the  summary  of  water  supply  statistics  it  appears  that  146 
cities  and  towns,  having  a  total  population  of  1,949,455,  were  pro- 
vided with  water  supplies,  the  majority  of  these  places  having  in 
each  a  population  of  over  4,000.  There  were  also  206  towns  which 
were  not  provided  with  public  water  supplies  only  one  of  which  had 
a  population  of  more  than  4,500. 

The  total  population  of  places  not  supplied  was  289,488  or  but 
little  more  the  one-eighth  of  the  population  of  the  State. 

The  paper  by  Professor  Drown  upon  **  the  Amount  of  and  Char- 
acter of  Organic  Matter  in  Soils  and  its  Bearing  on  the  Storage  of 
Water  in  Reservoirs,"  has  a  practical  bearing  upon  all  water  supplies 
where  artificial  storage  basins  are  constructed  by  impounding*  water 
in  valleys  and  meadows  having  a  surface  either  partially  or  wholly 
of  loam  or  peat. 
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Mr.  Geo.  W.  Fuller,  biologist  in  charge  of  the  Lawrence  Experi- 
ment Station,  details  the  work  performed  at  the  station  during  the 
sixth  year  of  its  existence.  The  principal  topics  treated  of  in  his 
report  are  the  character  of  the  sewage  used  for  experiment,  the  aver- 
age purification  attained,  the  permanency  of  filters,  their  manage- 
ment, experiments  upon  rapid  filtration  of  sewage  from  which  the 
sludge  has  been  removed,  sub-surface  application  of  sewage,  experi- 
ments with  sand  clogged  by  sewage,  effect  of  polarite  in  removing 
color  of  dye-stuffs  in  sewage,  removal  of  bacteria,  work  of  the  sewage 
filters  in  1893,  filtration  of  water,  effects  of  rate  of  filtration,  depth 
of  material,  size  of  sand  grains,  scraping,  disturbing  upper  layer  of 
filter,  removal  of  layer  of  loam,  freezing  surface  layers,  rapidly  fill- 
ing from  below,  amount  of  loss  of  head  and  method  of  application 
of  water  upon  its  bacterial  purification.  A  detailed  account  is 
given  of  the  work  of  the  water  filters  during  1893  together  with  the 
chemical  and  bacterial  analyses  of  the  water  supplied  and  of  the 
efiluent  water  of  the  Lawrence  city  filter  for  the  first  seven  months 
of  its  operation. 

Himm  F.  Mills,  C.E.,  member  of  the  Board,  presents,  a  descrip- 
tion of  the  **  Filter  of  the  Water  Supply  of  the  City  of  Lawrence 
and  its  Results,"  and  shows  in  this  paper,  — 

1.  *'  The  insufficiency  of  the  self-purification  of  streams. 

2.  The  ready  conveyance  of  typhoid  fever  down  a  stream  by 
sewage-polluted  drinking  water. 

3.  The  practicability  of  protecting  a  community  against  an 
infected  drinking  water  supply  by  natural  sand  filtration." 

The  paper  entitled  "  Sewage  Purification  of  Cities  and  Towns  in 
Massachusetts  "  presents  a  brief  description  together  with  chemical 
analyses  of  sewage  and  effluents  from  the  systems  in  use  in  the 
following  places  :  Amherst,  Norfolk  county  jail,  Framingham,  Gard- 
ner, Lenox,  Marlborough,  Medticid,  Wellesley  College  and  West- 
borough. 

Mr.  Allen  Hazen,  the  chemist  in  charge  at  the  Experiment  Station 
at  Lawrence  in  1890-93,  was  appointed  as  chemist  of  the  department 
of  water  supply,  sewerage  and  fire  protection  at  the  World's  Colum- 
bian Exposition  at  Chicago,  and  presents  in  this  volume  a  descrip- 
tion of  the  process  there  employed  for  disposal  of  the  sewage  of  the 
Exposition  by  precipitation  and  the  results  attained  by  this  process  • 
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Metropolitan  Water  Supply. 

Within  the  period  of  the  past  forty  years  or  more  and  since  the 
beginning  of  the  general  introduction  of  a  public  water  supply  into 
Boston  the  growth  of  the  city  has  been  rapid,  and  this  growth  has 
extended  outward,  until  the  suburban  municipalities  have  acquired  a 
population  nearly  as  large  as  that  of  the  city,  the  whole  district 
within  ten  miles  of  and  including  Boston  containing  nearly  a  million 
inhabitants. 

Public  water  supplies  have  now  been  introduced  into  each  of  the 
twenty-eight  cities  and  towns  embraced  within  this  limit.  The  rapid 
growth  of  the  towns  has  not  only  been  attended  with  an  increase  in 
the  absolute  consumption  of  water  in  the  district,  but  the  relative  or 
per  capita  consumption  has  also  been  considerably  increased.  To 
supply  this  demand  very  much  of  the  available  territory  suitable  for 
use  as  sources  for  yielding  water  has  been  taken  by  the  cities  and 
towns  within  this  district.  In  some  instances  the  density  of  the 
population  living  upon  the  area  of  the  different  water-sheds  has 
increased  to  such  an  extent  as  to  become  a  serious  menace  to  the 
health  of  the  population  consuming  the  water,  in  consequence  of  the 
increased  pollution  which  usually  follows  a  corresponding  increase 
of  population. 

In  the  words  of  the  present  report  (p.  6)  *•  The  experience  of  the 
past  year  (1893)  has  emphasized  the  urgent  need  of  a  new  water 
supply  for  this  district,  as  not  only  has  the  water  supply  of  Boston 
and  the  district  supplied  from  Mystic  Lake  been  nearly  exhausted , 
as  above  indicated,  but  the  water  supplies  of  a  majority  of  the 
places  in  the  Metropolitan  district  have  been  in  a  similar  condition.*' 
The  urgent  demands  of  the  authorities  of  these  municipalities  for 
larger  and  purer  supplies  of  water  finally  resulted  in  legislative 
action,  and  the  following  law  was  enacted  by  the  Legislature  of 
1893,  entrusting  to  the  State  Board  of  Health  the  duty  of  making 
a  general  investigation  of  the  subject  of  a  water  supply  for  this 
Metropolitan  district. 

[Acts  of  1893,  Chapter  459.] 

An  Act  relative  to  proccrino  a  water  supply  for  the  city  of  boston 

axd  its  suburbs. 
^  U  enacUdf  etc.,  as  J  allows : 

Section  1.     The  state  board  of  health  is  hereby  authorized  and  directed 
to  investigate,  consider  and  report  upon  the  question  of  a  water  supply  for 
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the  city  of  Boston  and  its  suburbs  within  a  radius  of  ten  miles  from  the 
state  house,  and  for  such  other  cities  and  towns  as  in  its  opinion  should  be 
included  in  connection  therewith. 

Sect.  2.  The  said  board  shall  forthwith  proceed  to  investigate  and 
consider  this  subject,  including  all  questions  relating  to  the  quantity  of 
water  to  be  obtained  from  available  sources,  its  quality,  the  best  methods  of 
protecting  the  purity  of  the  water,  the  construction,  operation  and  mainten- 
ance of  works  for  storing,  conveying  or  purifying  the  water,  the  cost  of 
the  same,  the  damages  to  property,  and  all  other  matters  pertaining  to  the 
subject. 

Sect.  3.  The  said  board  shall  have  power  to  employ  such  engineering 
and  other  assistance  and  to  incur  such  expenses  as  may  be  necessary  for 
carrying  out  the  provisions  of  this  act. 

Sect.  4.  The  said  board  shall  report  fully  with  plans  and  estimates 
to  the  legislature  on  or  before  the  first  Wednesday  in  January  in  the  year 
eighteen  hundred  and  ninety-five,  and  shall  append  to  its  report  drafts  of 
bills  intended  to  accomplish  the  recommendations  of  the  board. 

Sect.  5.  The  total  amount  of  money  which  shall  be  expended  out  of 
the  treasury  of  the  Commonwealth  in  carrying  out  the  provisions  of  this  act 
shall  not  exceed  forty  thousand  dollars.  The  Commonwealth  shall  be 
reimbursed  for  the  amount  expended  by  the  cities  and  towns  which  are  to 
receive  the  benefit  of  the  system  recommended  in  the  report,  in  proportion 
to  the  population  of  each. 

Sect.  C.  Before  incurring  any  expense  the  board  shall  from  time  to 
time  estimate  the  amounts  required  and  shall  submit  the  same  to  the  gov- 
ernor and  council  for  their  approval,  and  no  expense  shall  be  incurred 
beyond  the  amount  so  estimated  and  approved. 

Sect.  7.  This  act  shall  take  effect  uix)n  its  passage.  [^Approved 
June  9,  1893. 


Immediately  after  the  passage  of  this  Act,  the  Board  entered  upon 
the  work  of  investigation,  and  began  the  necessary  surveys  to  ascer- 
tain the  best  supply  for  the  district.  This  work  has  been  carried  on 
without  interruption  since  June,  1893. 

While  it  is  too  early  to  publish  conclusions  relative  to  a  definite 
source  of  water  supply  for  the  district,  it  may  be  said  that  the  inves- 
tigations made  up  to  the  present  time  indicate  that  an  abundant 
supply  of  good  water  for  the  Metropolitan  District  may  be  obtained 
without  excessive  expenditure. 


1894.]  PUBLIC  DOCUMENT  — No.  34.  li 

Improvement  of  the  Charles  Biver. 

By  the  provisions  of  Chapter  475  of  the  Acts  of  1893,  the  Board 
of  Metropolitan  Park  Commissioners  and  the  State  Board  of  Health 
were  constituted  a  joint  board  to  investigate  **  the  sanitary  condition 
and  prepare  plans  for  the  improvement  of  the  beds,  shores  and 
waters  of  the  Charles  River,  between  Charles  River  bridge  and  the 
Waltham  line  on  Charles  River,  and  for  the  removal  of  any  nuis- 
ances therefrom." 

The  joint  board,  thus  constituted,  was  authorized  to  employ 
engineers  and  experts  and  to  incur  necessary  expenses  not  exceed- 
ing $5,000. 

This  act  recognizes  the  existence  of  conditions  in  the  specified 
portion  of  the  river  which  have  for  a  long  time  constituted  a  general 
nuisance,  offensive  to  the  sight  and  smell,  in  consequence  of  the  serioua 
pollution  of  the  river  and  of  the  daily  exposure  of  large  areas  of 
mud  flats  upon  which  the  polluting  matter  in  the  river  is  deposited. 
To  remedy  this  foul  and  unsightly  condition  the  Board  has  given 
its  attention,  and  after  surveying  the  territory  and  areas  included  in 
the  provisions  of  the  act  and  investigating  the  sanitary  condition  of 
the  contiguous  population,  made  its  report  to  the  Legislature  in 
May,  1894  (House  Doc.  775,  1894),  the  time  for  the  presentation 
of  the  report  having  been  extended  by  Chapter  57  of  the  Resolves 
of  1894. 

The  plan  proposed  involves  the  construction  of  a  dam  and  a  lock 
8t  the  lower  portion  of  the  estuary  above  Craigie's  bridge,  by  means 
of  which  the  water  above  the  dam  will  be  kept  at  a  constant  level. 
While  this  dam  may  be  regarded  as  the  principal  feature  of  the 
plan,  other  features  are  worthy  of  note,  especially  the  treatment  of 
the  shores  of  the  proposed  basin. 

One  great  improvement  in  this  region  is  already  nearly  com- 
pleted, the  Metropolitan  Sewerage  System,  which,  when  in  opera- 
tion, will  remove  a  great  amount  of  pollution  from  the  river. 

The  report  of  the  Landscape  Architects  to  the  joint  board  closes 
as  follows  :  —  * '  Charles  River,  freed  from  sewage,  from  defiling  indus- 
tries, from  mud  flats  and  from  mud  banks,  and  dedicated  with  its  bor- 
ders to  the  use  and  enjoyment  of  the  public  as  a  drainage  channel,  an 
open  space,  a  parkway,  a  chain  of  playgrounds  and  a  boating  course, 
will  perform  its  highest  possible  service  to  the  Metropolitan  com- 
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munity,  and  will  return  to  the  community  profits,  both  tangible  and 
intangible,  which  will  annually  increase.** 

Infectious  Disease  Hospitals. 

The  subject  of  providing  separate  accommodations  for  hospitals 
for  persons  suffering  with  infectious  diseases  of  a  dangerous  char- 
acter has  become  quite  prominent  during  the  past  two  or  three  years 
in  Massachusetts  cities,  and  is  likely  to  become  still  more  a  subject 
of  paramount  importance  in  future  years. 

The  fact  that  400  such  establishments  exist  in  England  alone,  and 
the  number  there  is  constantly  increasing,  is  sufficient  to  show  the 
estimate  in  which  they  are  held  in  Great  Britain. 

In  response  to  a  demand  for  information  upon  this  subject,  a  paper 
has  been  prepared  by  the  Secretary  for  the  present  report,  contain- 
ing the  most  recent  information  upon  the  subject,  together  with  a 
brief  compilation  embodying  the  practice  of  other  countries  in  this 
direction. 

Summary  of  Weekly  Mortality  Reports. 

Under  this  title  may  be  found  a  summary  of  the  returas  sent  to 
the  office  of  the  State  Board  at  the  close  of  each  week  from  the 
principal  cities  and  towns,  of  the  deaths  which  have  been  reported 
to  the  local  Boards  of  Health.  These  returns  embrace  a  statement 
of  the  total  number  of  deaths,  the  number  of  deaths  of  children 
under  5  years  of  age,  and  the  number  from  each  one  of  the  principal 
infectious  diseases. 

This  system  of  voluntary  returns  keeps  the  State  Board  informed 
of  the  progress  of  epidemics,  their  outbreak  and  their  decline,  and 
serves  as  a  valuable  index  of  the  health  of  the  population,  its  chief 
advantage  consisting  in  its  frequency  and  the  fact  that  the  Board 
receives  its  information  direct  from  the  local  authorities. 

Health  of  To>vns. 

In  the  portion  of  the  report  devoted  to  the  health  of  towns  may 
be  found  a  digest  of  the  principal  facts  of  importance  gathered  from 
the  city  and  town  reports  of  Boards  of  Health  of  the  year  1893. 

This  summary  also  contains  a  table  in  which  are  stated  the  number 
of  cases  of  the  principal  infectious  diseases  which  are  reported  to  the 
local  Boards  of  Health.  In  addition  to  the  cases  reported  another 
parallel  column  contains  the  registered  deaths  from  the  same  causes  in 
these  cities  and  towns  and  the  ratio  of  fatality  in  the  State  at  large. 
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Routine  Work  of  the  Board. 

The  Board,  in  the  performance  of  its  duties  under  the  provisions 
of  the  Statutes,  has  held  at  least  one  meeting  in  each  month  during 
the  year,  with  such  meetings  of  its  standing  committees  as  were 
essential  to  the  proper  performance  of  its  work.  The  work  of  the 
year  is  presented  in  detail  under  the  different  topics  referring  to  the 
prescribed  duties  of  the  Board. 

Advice  has  been  given  almost  daily  at  the  oflBce  to  local  Boards 

of  Health  and  to  individuals  seeking  advice  upon  sanitary  questions, 

and  in  instances,  where  occasion  required,  visits  have  been  made  by 

the  secretary  and  by  the  engineers  of  the  Board  to  cities  and  towns  for 

the  purpose  of  making  investigation  and  inspecting  and  giving  advice. 

One  public  hearing  only  was  held  during  the  year  (on  April  10, 

1893)  and  that  had  reference  to  the  taking  of  land  for  the  sewage 

disposal  of  Brockton  under  the  provisions  of  chapter  124  of  the  Acts 

of  1890. 

The  statistics  of  mortality  have  been  compiled  and  published  each 
week  at  the  office  of  the  Board  in  the  form  of  a  weekly  bulletin, 
which  also  contains  once  a  month  a  report  of  the  work  done  in  the 
line  of  food  and  drug  inspection,  together  with  the  prosecutions 
made  under  the  Food  and  Drug  Acts.  In  addition  to  the  foregoing, 
during  the  past  year  the  statistics  of  reports  of  cases  of  infectious 
diseases  returned  under  the  provisions  of  chapter  302  of  the  Acts 
of  1893,  have  been  introduced  in  these  bulletins. 

The  following  table  presents  certain  statistical  data  relative  to  the 
routine  work  of  the  Board  :  — 

Statistical  Table  for  the  Year  ending  Sept.  30,  1893. 

^ole  number  of  samples  of  foods  and  drugs  examined  during  the  year,  6,409 

Samples  of  milk  examined  (included  in  the  foregoing), ....  3,073 

^ole  number  examined  since  beginning  of  work  in  1883,     .        .        .  63,573 
^hole  number  of  samples  of  milk  examined  since  beginning  of  work 

in  1883 27,076 

Number  of  warning  notices  issued  relative  to  adulteration  during  the  year,  423 

Number  of  prosecutions  against  offenders  during  the  year,     ...  96 

Number  of  convictions  during  the  year, 92 

Amount  of  fines  secured  during  the  year, $2,476.00 

'orce  employed  at  Boston,  for  food  and  drug  inspection,  chemists  and 

assistants, 2 

AtAmherst, 1 

—    8 

IiMpectors, 3 

Total, 6 
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Under  the  Provisions  of  the  Act  to  protect  the  Pcritt  of  Inland 

Waters. 

[This  table  applies  to  the  calendar  year  ending  Dec.  31, 1803.] 

Statistical  Table  for  the  Year  1893. 

Applications  for  advice  from  cities,  towns  and  others :  — 

Relating  to  water  supply, 39 

Relating  to  sewerage  and  drainage, 12 

Total, 51 

Number  of  samples  of  water  examined  chemically  and  microscopically 

at  the  Massachusetts  Institute  of  Technology, 1,731 

Number  of  samples  of  soil  examined  chemically  at  the  Massachusetts 

Institute  of  Technology, ,  62 

Number  of  samples  of  sewage  and  water  examined  chemically  and  bac- 

terially  at  the  Lawrence  Experiment  Station, 2,176 

Number  of  samples  of  sand  examined  chemically  and  bacterially  at  the 

Lawrence  Experiment  Station, 513 

Number  of  samples  of  sand  examined  mechanically  at  the  Lawrence 

Experiment  Station, 314 

Additional  samples  examined  bticterially  at  the  Lawrence  Expenment 

Station, 11,850 

Total  number  of  samples  examined, 16,636 

Force  employed  at  13  Beacon  Street :  — * 

Chief  engineer, 1 

Assistant  engineers, 2 

Stenographer  and  clerk, 1 

—  4 
At  Massachusetts  Institute  of  Technology :  — 

Chief  chemist.f 1 

Assistant  chemist, 5 

Chief  biologist,t 1 

Assistant  biologists, 1 

—  8 
At  Lawrence  Experiment  Station  :  — 

Chemists, 2 

Bacteriologists, 3 

Other  assistants  and  laborers, 4 

—  9 

Total  ordinary  force, 21 

*  Not  including  the  force  employed  upon  tbe  Metropolitan  Water  Sapply  investigations. 

t  Tbe  chief  chemist  and  biologist,  althougb  located  at  the  Massachasetts  Institute  of  Tech- 
nology, have  the  oversight  of  the  chemical  and  biological  work  at  the  Lawrence  Bxperlmeat 
Station. 


1894.]  PUBLIC  DOCUMENT  — No.  34.  Iv 

The  number  of  applications  received  since  July,  1886,  when  the 
act  relating  to  water  supply  and  sewerage  first  went  into  operation, 
is  as  follows  :  — 

1886, 8 

1887, 22 

1888, 28 

1889 88 

1890, 23 

1891, 53 

1892, 56 

1893 51 

Total, 279 

Recommendations  . 

The  following  recommendations  were  made  to  the  Legislature  at 
the  beginning  of  the  session  of  1894 :  — 

i.  With  reference  to  the  continuance  of  the  work  of  the  Board  under 
the  provisions  of  chapter  375  of  the  Acts  of  1888  the  Board  recommends 
the  continuance  of  the  investigations  already  commenced  and  those  indi- 
cated as  desirable  in  the  report  upon  Water  Supply  and  Sewerage  (Senate 
Doc.  4,  1894). 

For  these  purposes,  and  to  make  the  necessary  Investigations  in  order  to 
adnse  cities,  towns,  corporations  and  individuals  in  regard  to  the  best 
inethod  of  assuring  the  purity  of  Intended  or  existing  water  supplies,  and 
the  best  method  of  disposing  of  sewage,  and  to  carry  out  the  other  provi- 
BioDB  of  chapter  375  of  the  Acts  of  1888,  the  Board  estimates  that  the  sum 
of  827,000  will  be  required. 

2,    As  to  Notification  of  Contagious  Diseases, 

That  the  laws  in  reference  to  the  notification  of  contagious  diseases  to 
certain  State  authorities  be  so  amended  that  the  law  now  in  force  in  regard 
to  small-pox  shall  be  extended  to  include  other  diseases  dangerous  to  the 
poblic  health. 

3,    State  Vaccine  InstitiUion. 

In  its  Twentieth  Annual  Report,  1888,  the  State  Board  of  Health  intro- 
duced the  subject  of  establishing  in  the  State  one  or  more  places  at  which 
vaccine  lymph  could  be  furnished  under  the  supervision  of  the  State,  so 
that  regular  supplies  of  lymph  could  be  f  uruished  to  all  State  institutions, 
to  the  local  authorities  of  cities  and  towns,  and  to  such  physicians  as  might 
choose  to  obtain  their  lymph  from  such  an  institution. 
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This  plan  is  adopted  at  present  in  nearly  all  foreign  countries  where 
vaccination  is  practised,  and  with  the  most  successful  result.  The  plan  of 
public  vaccinal  institutes  has  reached  its  highest  development  in  Germany, 
where  at  least  thirty  such  establishments,  well  equipped  and  under  thorough 
administration,  furnish  lymph  for  vaccination  to  all  who  desire  it.  By  this 
plan  the  purity  of  the  lymph  can  be  satisfactorily  assured,  and  the  physician 
or  local  board  of  health  can  procure  it  direct  from  the  institution,  thus 
avoiding  the  delay  of  ordering  through  agents  and  middlemen. 

As  a  result  of  this  plan  as  well  as  of  their  very  thorough  enforcement  of 
the  laws,  Germany  is  to-day  more  free  from  the  scourge  of  small-pox  than 
any  other  country  in  the  world. 

The  Board  therefore  recommends  that  an  appropriation  of be 

made  for  the  purpose  of  carrying  out  this  plan,  under  the  supervision  of 
such  authority  as  the  Legislature  may  direct. 

4,    As  to  Vital  Statistics, 

That,  inasmuch  as  an  intimate  study  and  knowledge  of  the  vital  statistics 
of  a  community  are  the  basis  of  wise  sanitary  administration,  the  data 
gathered  annually  by  the  Secretary  of  the  Commonwealth,  in  accordance 
with  the  provisions  of  existing  statutes,  be  submitted  in  their  entirety  to  the 
Board  of  Health  for  such  consideration  and  report  as  may  seem  to  promote 
most  fully  the  public  welfare.  Such  a  course  would  place  this  State  in 
harmony  with  the  usage  in  nearly  all  the  states  of  this  Union  having  regis- 
tration, and  in  the  civilized  countries  of  Europe. 

5.    As  to  Medical  Inspectors  of  Health. 
The  following  bill  was  recommended :  — 

Providing  for  the   appointment   of   advisory   medical  inspectors   of 

HEALTH  throughout  THE  COMMONWEALTH. 

Be  U  enacted,  etc.,  as  follows  : 

Section  1.  The  governor,  by  and  with  the  advice  and  consent  of  the 
council,  shall,  as  soon  as  may  be  after  the  passage  of  this  act,  divide  the 
Commonwealth  into  such  number  of  districts,  to  be  known  as  health  dis- 
tricts, as  he  may  deem  proper  and  necessary  for  carrying  out  the  purposes 
of  this  act. 

Sect.  2.  After  the  division  provided  in  the  foregoing  section  the  gov- 
ernor shall  nominate,  and  by  and  with  the  advice  and  consent  of  the 
council,  shall  appoint  in  each  health  district  one  able  and  discreet  person, 
learned  in  the  science  of  medicine,  to  be  advisory  medical  inspector  of 
health  in  said  district.  Every  such  nomination  shall  be  made  at  least  seven 
days  prior  to  the  appointment. 

Sect.  8.  Said  advisory  medical  inspectors  of  health  shall  hold  their 
offices  for  a  period  of  seven  years  from  the  time  of  their  respective  appoint- 
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ments,  and  shall  be  liable  to  removal  from  office  by  the  governor  and 
coaneil  at  any  time  for  cause  shown. 

Sect.  4.  Each  advisory  medical  inspector  of  health  shall  reside  in  the 
district  to  which  he  is  appointed,  and  his  removal  therefrom  shall  be  equiva- 
lent to  a  resignation  of  his  office.  His  powers  and  duties  shall  be  advisory 
only.  He  shall  inform  himself  respecting  all  influences  affecting  or  threat- 
ening to  affect  injuriously  the  public  health  within  the  district,  and  shall 
promptly  notify  the  local  authorities  of  the  existence  of  all  conditions 
affecting  or  likely  to  affect  the  health  of  the  district,  and  shall  ad\nse  with 
said  authorities  as  to  the  best  methods  of  controlling  the  same. 

Sect.  5.  Each  advisory  medical  inspector  of  health  shall  keep  a  record 
of  bis  proceedings  and  observations,  and  shall  annually  make  a  report  to 
the  health  authorities  of  each  city  or  town  within  his  district  touching  mat- 
ters affecting  said  city  or  town,  and  shall  transmit  a  copy  of  each  report  to 
the  State  Board  of  Health  on  or  before  the  thirty-first  day  of  October  in 
each  year. 

Sect.  6.  Each  advisory  medical  inspector  of  health  shall  from  time  to 
time  as  requested  furnish  to  the  State  Board  of  Health  information  touching 
the  sanitary  condition  of  the  whole  or  any  part  of  his  district.  He  may 
make  such  reports  and  suggestions  to  the  State  Board  of  Health  or  to  the 
local  authorities  as  he  may  deem  advisable  ;  but  shall  in  every  instance  for- 
ward  to  the  State  board  a  copy  of  any  such  communication  with  the  local 
authorities. 

Sect.  7.  The  governor,  by  and  with  the  advice  of  the  council,  shall 
establish  from  time  to  time  the  salaries  of  said  advisory  medical  inspectors 
of  health,  having  reference  in  each  district  to  the  extent  of  territory,  the 
number  of  inhabitants,  the  character  of  the  business  there  carried  on,  and 
the  amount  of  time  likely  to  be  required  for  the  proper  discharge  of  the 
duties.  The  salary  thus  established  shall  be  paid  from  the  treasury  of  the 
Commonwealth  quarterly. 

Sect.  8.    This  act  shall  take  effect  upon  its  passage. 

Expenditures. 

The  work  of  the  Board  is  conducted  under  the  provisions  of  several 
statutes,  and  for  its  diflferent  departmients  of  work  three  appropria- 
tions are  annually  made^  one  for  its  general  work,  one  for  the 
inspection  of  food  and  drugs  and  a  third  for  carrying  out  the  pro- 
visions of  chapter  375  of  the  Acts  of  1888,  relating  to  the  protection 
of  the  purity  of  inland  waters. 
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The  appropriations  for  these  different  departments  of  work  during 
1893  were  as  follows :  — 

For  the  general  work  of  the  Board, flO^OO  00 

For  food  and  drug  inspection, 11,500  00 

For  work  under  the  proyisions  of  chapter  876,  Acts  of  1888,      .        .      27,000  00 

149,300  00 

In  addition  to  these  regular  lines  of  work  the  Board  was  charged 
with  the  duty  of  investigating  the  question  of  a  general  water  supply 
for  the  city  of  Boston  and  the  suburban  cities  and  towns  to  the  dis- 
tance of  ten  miles  from  the  city. 

For  this  investigation  the  Board  was  authorized  to  expend  a  sum 
not  exceeding  $40,000,  of  which  sum  there  was  appropriated  in  1893 
the  sum  of  $15,000. 

The  expenditures  under  the  foregoing  appropriations  were  as 
follows :  — 

For  the  General  Work  of  the  Board. 

Salaries, $4^19  96 

PrinUng, 1,325  16 

Travelling, 1,140  70 

Special  inyestigatioDS, 488  78 

Postage, 207  61 

Books,  subscriptions  and  binding,   •        • 306  68 

Express, 220  25 

Stationery, 162  42 

Telephone, 127  06 

Type- writer  and  library  supplies, 19  30 

Office  incidentals, 64  72 

Messenger  services, 257  27 

Telegrams, 7  33 

Draughting  wood-cuts, 3160 

19,158  70 

For  Food  and  Drug  Inspection.    For  Year  ENDma  Sept.  30,  1893. 

Salaries  of  analysts, f 4,400  00 

Salaries  of  inspectors, 3,900  00 

Travelling  expenses  and  purchase  of  samples, 1,661  76 

Apparatus  and  chemicals, 235  63 

Rent  at  Harvard  Medical  School, 125  00 

Chemical  analysis  (by  other  chemists), 2  00 

Furniture  and  fittings  at  laboratory, 26  52 

Legal  services, 45  00 

Printing, 4  86 

Gas, 33  36 

Extra  services, 20  00 

Total, tl0,464  11 
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Expenses  under  Chapter  875  of  Acts  of  1888.    Protection  op  Pdritt  of 

Inland  Waters.     For  Calendar  Year  1893. 

Salaries,  including  wages  of  laborers  at  Lawrence  Experiment  Station,  122,748  40 

Apparatus  and  materials, 1,896  78 

Bent  of  rooms  at  Massachusetts  Institution  of  Technology,  .        .        .  900  00 

Rent  of  Lawrence  Experiment  Station, 125  00 

Trayelling  expenses, •        .  195  81 

Express  charges, 420  95 

Use  of  tools  and  office,  Lawrence  Experiment  Station,  .        .        .        ,  412  82 

Printing, 74  54 

Stationery  and  drawing  materials, 86  21 

Maps,  blue  prints  and  photographs, •  54  06 

Furniture, .        .        .        .      ' 43  00 

Paid  for  collecting  samples  of  water,      • 8  25 

Postage  stamps, 27  90 

Messengers  and  telegrams, 7  82 

Total, 126,995  99 

Fob  Expenses  in  Intestigation  of  Water  Supply  of  Boston  and  Sub- 
urban Towns. 

[Acts  or  1808,  Cbaptib  4M.] 

Salaries, f  7.455  88 

Services  and  expenses,  experts,       ........  162  25 

'Apparatus  and  repairs,  borings,  drawing  and  surveying  instruments, 

etc, 1,249  00 

'^veiling  expenses  and  board  of  employes, 1,200  68 

Maps,  etc., 48  50 

Stationery  and  account  books, .........  71  20 

Hardware,  hose,  pump,  pipe,  etc., 596  87 

Lumber, 45  84 

Freight,  express,  etc., 15  99 

Office  rent  and  incidentals, 72  27 

tl0,912  98 

A  statement  of  the  expenditures  relating  to  the  exhibit  of  the 

B^rd  at  the  World's  Columbian  Exposition  may  be  found  on  page 

xxiii. 

H.  P.  WALCOTT, 
J.  W.   HASTINGS, 
H.   F.  MILLS, 

F.  W.  DRAPER, 

G.  C.   TOBEY, 
J.  W.  HULL, 
C.   H.  PORTER, 

State  Board  of  EeaUh. 
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[Report  required  by  the  provlBlons  of  chapter  375  of  the  Acts  of 
1888,  entitled  "An  Act  to  protect  the  purity  of  inland  waters, 
and  to  require  consultation  with  the  State  Board  of  Health 
resrardinsr  the  establishment  of  systems  of  water  supply,  drain- 
afire  and  seweragre."] 

The  following  report  contains  the  substance  of  the  replies 
made  by  the  Board  to  those  cities,  towns,  corporations  and 
individuals  which  have  applied  to  the  Board  for  its  advice 
relative  to  systems  of  water  supply,  drainage  and  sewerage, 
under  the  provisions  of  chapter  375  of  the  Acts  of  1888.  It 
also  includes  a  summary  of  the  work  done  by  the  Board  in 
connection  with  the  examination  of  water  supplies  and  rivers, 
and  the  purification  of  sewage. 

As  one  result  of  the  studies  of  the  Board,  in  connection 
with  the  investigations  made  at  the  Experiment  Station, 
there  has  been  constructed  during  the  past  year  by  the  city 
of  Lawrence  a  filter-bed  covering  an  area  of  two  and  a  half 
acres  which  now  filters  the  domestic  water  supply  for  about 
47,000  people.  This  water  supply  is  derived  from  the  Mer- 
rimack River,  which  receives  the  drainage  of  a  large  part  of 
New  Hampshire,  and  the  sewage  of  Lowell  enters  only  nine 
miles  above  the  intake  of  the  Lawrence  water  works.  There 
has  been  in  past  years  a  great  increase  in  the  number  of  deaths 
by  typhoid  fever  in  Lowell  and  in  Lawrence  in  the  late  fall 
and  winter  months,  after  the  disease  had  spent  its  force  and 
nearly  ceased  in  the  towns  and  cities  up  the  river. 

The  studies  of  the  Board  led  them  to  conclude  that  this 
large  number  of  deaths,  often,  in  Lawrence,  exceeding  the 
number  in  the  city  of  Boston  in  the  same  months,  was  due 
to  disease  germs  brought  down  the  river  and  distributed  to 
the  citizens  in  their  drinking  water ;  and  after  making  filters 
at  the  Experiment  Station  that  removed  all  the  disease  germs 

*  The  first  pages  of  this  report  were  contained  in  a  report  made  to  the  Legisla- 
tore  Jon.  10,  1894  (Senate  Docament,  No.  4).  A  portion  of  tlie  report  then  made, 
relating  to  the  work  done  at  the  Lawrence  Experiment  Station,  is  not  reproduced, 
hecanse  a  more  oomplete  account  of  the  work  done  at  this  place  will  be  found  in  a 
tnbeeqnent  part  of  this  volume. 
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put  into  the  water  applied  to  them,  the  Board  advised  the 
city  of  Lawrence  to  construct  a  filter  under  the  direction  of 
the  Board,  and  to  purify  their  drinking  water.  The  filter 
was  commenced  in  the  fall  of  1892,  and  finished,  at  a  cost 
of  about  $65,000,  in  September,  1893.  Since  September 
20  all  the  water  that  has  been  pumped  to  the  city  reservoir 
has  first  passed  through  the  filter. 

Very  frequent  examinations  of  the  water  show  that  98  per 
cent,  of  all  of  the  bacteria  in  the  river  water  applied  to  the 
filter  are  removed  directly  by  it,  and  in  addition  to  this 
it  removes  a  large  part  of  the  organic  matter  from  the 
water  and  converts  much  of  it  to  mineral  matter,  thus  de- 
priving the  remaining  bacteria  of  food  material  and  render- 
ing the  conditions  of  life  so  unfavorable  that  the  bacteria 
decrease  as  the  water  goes  on  through  the  reservoir  and 
through  the  distributing  pipes,  until  when  the  water  reaches 
the  citizens  there  remains  but  one-half  of  1  per  cent,  of  the 
number  of  bacteria  in  the  river  water ;  that  is,  99^  per  cent, 
of  all  have  been  removed. 

The  experiments  of  the  Board  indicate  that  the  small 
num])ers  remaining  are  of  a  few  hardy  kinds  that  are  not 
known  to  be  in  any  way  injurious  to  health ;  and  leave  the 
strong  probability  that  all  the  disease-producing  germs  have 
been  removed. 

The  result  upon  the  health  of  the  people  of  Lawrence  is 
very  marked  and  very  satisfactory.  The  number  of  deaths 
from  typhoid  fever  in  Lawrence  for  the  three  months  of 
October,  November  and  December  during  the  past  five  years 
has  averaged  eighteen  ;  the  number  of  deaths  this  year,  since 
the  water  has  been  filtered,  in  the  same  three  months,  has 
been  four. 

At  the  end  of  the  year  1893  all  of  the  30  cities  in  the 
Commonwealth,  and  116  towns  out  of  a  total  of  322,  were 
provided  with  a  public  water  supply.  The  total  population 
of  the  communities  having  a  public  water  supply  is  87.1  per 
cent,  of  the  total  population  of  the  State. 

There  are  now  but  6  towns  which,  by  the  census  of  1890, 
had  a  population  exceeding  4,000,  which  are  not  provided 
with  a  public  water  supply.  The  names  of  these  towns,  with 
their  respective  populations  in  1890,  are  as  follows :  Black* 
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stone,  6,138;  Ipswich,  4,439;  Millbury,  4,428;  Winchen- 
don,  4,390 ;  Rockport,  4,087  ;  and  Barnstable,  4,023. 

Twenty-eight  cities  and  67  towns,  having  together  a  total 
population  of  1,704,510,  own  their  water  works,  while  2 
cities  and  49  towns,  with  a  total  population  of  244,945,  are 
supplied  by  private  companies. 

The  flow  of  the  streams  in  the  year  1893,  taken  as  a  whole, 
as  indicated  by  the  volume  of  water  flowing  in  Sudbury 
River,  has  been  a  very  little  below  the  average  for  a  long 
series  of  years ;  but  the  seasonal  distribution  of  the  flow  has 
been  very  uneven,  the  year  resembling  in  this  respect  1891. 
During  the  four  months  from  February  to  May,  inclusive, 
the  flow  was  23  per  cent,  above  the  average,  and  greater 
than  in  all  but  three  of  the  previous  eighteen  years.  On  the 
other  hand,  the  flow  for  the  six  months  from  June  to  Novem- 
ber, inclusive,  was  46  per  cent,  below  the  average  for  these 
months,  and  there  were  only  four  years  of  the  previous 
eighteen  when  the  flow  during  the  same  months  was  lower. 

A  year  of  this  unusual  character  affects  very  differently 
different  classes  of  water  supplies.  Those  communities  hav- 
ing suflSciently  capacious  ponds  or  reservoirs  to  store  the 
whole  amount  of  water  flowing  in  the  spring,  obtained  for 
use  about  the  average  yield  of  their  sources  of  water  supply ; 
while  those  provided  with  smaller  ponds  or  reservoirs,  so 
that  they  could  not  prevent  the  spring  flow  of  the  streams 
from  running  to  waste,  felt  much  more  severely  the  effect  of 
the  drought  of  the  succeeding  six  months.  The  city  of  Bos- 
ton practically  exhausted  the  water  in  its  Sudbury  River 
reservoirs,  but  the  fall  rains  fortunately  came  in  season  to 
prevent  any  shortage  of  water.  Mystic  Lake,  which  supplies 
Charlestown,  Somerville,  Chelsea  and  Everett,  was  reduced 
to  so  low  a  level  that  temporary  pumps  were  used  for  a  short 
time  to  pump  water  from  the  lake  into  the  aqueduct. 

These  are  only  examples  of  what  occurred  in  many  places 
in  the  State.  In  the  southern  part  of  the  State  there  was 
even  less  rain  than  in  the  eastern  part,  and  some  places,  of 
which  Southbridge  and  Uxbridge  may  be  mentioned  as  ex- 
amples, entirely  exhausted  the  water  from  their  usual  sources 
of  supply,  and  were  obliged  to  resort  to  pumping  water  from 
the  neighboring  rivers,  thus  introducing  into  the  pipes  water 
of  undesirable  quality. 
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The  State  Board  of  Health  was  authorized  and  directed, 
by  chapter  459  of  the  Acts  of  1893,  to  investigate,  consider 
and  report  to  the  Legislature  of  1895  upon  the  question  of  a 
water  supply  for  the  city  of  Boston  and  its  suburbs  within  a 
radius  often  miles  from  the  State  House,  and  for  such  other 
cities  and  towns  as  in  its  opinion  should  be  included  in  con- 
nection therewith. 

The  experience  of  the  past  year  has  emphasized  the  urgent 
need  of  a  new  water  supply  for  this  district,  as  not  only  has 
the  water  supply  of  Boston  and  the  district  supplied  from 
Mystic  Lake  been  nearly  exhausted,  as  above  indicated,  but 
the  water  sup[)lies  of  a  majority  of  the  places  in  the  Metro- 
politan district  have  been  in  a  similar  condition. 

The  Board  began  considering  the  subject  of  a  water  supply 
for  the  Metropolitan  district  seven  years  ago,  by  collecting 
information  of  a  general  character  with  regard  to  the  various 
sources  which  might  furnish  a  water  supply  for  this  district, 
and  by  determining  the  exact  quality  of  the  water  of  the 
different  sources  by  a  series  of  analyses  covering  a  period  of 
two  years  or  more. 

Owing  to  these  preliminary  studies,  the  Board  was  enabled 
to  begin  at  once,  after  the  passage  of  the  act  above  mentioned, 
to  enlarge  its  staff  of  engineers,  and  to  make  surveys  and 
examinations  with  a  view  to  determining  definitely  the  ca- 
pacity of  different  sources  and  the  cost  of  obtaining  a  water 
supply  from  them. 

While  it  is  too  early  to  present  any  conclusions  regarding 
the  best  source  of  water  supply  for  the  district,  it  may  be 
said  that  the  investigations  made  up  to  the  present  time 
indicate  that  an  abundant  supply  of  good  water  for  the 
Metropolitan  district  may  be  obtained  without  excessive 
expenditure. 

The  comparatively  low  stream-flow  of  the  last  three  years 
has  made  the  question  of  additional  water  supplies  for  many 
towns  extremely  urgent,  and  the  advice  of  the  Board  as 
regards  the  capacity  and  fitness  of  new  sources  of  supply 
has  been  repeatedly  sought.  The  constantly  increasing 
fund  of  information  which  the  Board  is  acquiring  through 
its  staff  of  engineers,  chemists  and  biologists,  concerning 
the  characters  of  the  natural  waters  of  the  State,  puts  it  in 
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position  to  give  advice,  in  many  cases, 'with  a  certainty  and 
promptness  that  was  not  possible  before  these  investigations 
were  undertaken. 

The  chemical  and  microscopical  analyses  of  the  waters  of 
the  State  have  been  continued  during  the  year  1893,  1,731 
samples  of  water  having  been  examined.  These  examina- 
tions include  many  of  the  regular  water  supplies  of  the 
State,  but  a  very  much  larger  number  of  examinations  than 
ever  before  has  been  made  of  waters  proposed  for  new  sup- 
plies of  cities  and  towTis. 

Following  is  a  classified  list  of  the  watei*s  examined  during 
the  year : — 

From  open  and  covered  reservoirs  for  the  storage  of 

groundwaters, 26 

From  ground-water  supplies, 294 

Special  investigations  of  regular  water  supplies  af- 
fected by  tastes,  odors,  etc., 16 

From  ponds  and  storage  reservoirs  and  their  inlets,   .  578 

Fiom  streams  and  miscellaneous  sources,    .        .        .  127 

Total  fit)m  regular  water  supplies, 1,041 

In  connection  with  investigations  of  new  sources  of 
water  supply, 230 

With  reference  to  pollution  of  streams,       .        .        .  155 

With  reference  to  sewage  purification  at  Framingham, 
Marlborough,  Gardner,  Medfield,  W^estborough, 
I^nox,  Amherst  and  Wellesley,       ....  251 

In  connection  with  the  study  ol  epidemics, ...  18 

Miscellaneous, 86 

690 

Total, 1,731 

The  microscopic  vegetable  and  animal  organisms  have 
been  determined  as  usual  in  all  the  waters  which  have  been 
examined  chemically,  and  our  knowledge  of  the  connection 
between  these  organisms  and  the  tastes  and  odors  of  the 
waters,  has  been  somewhat  increased. 

The  continued  investigation  of  the  efficiency  of  sewage 
purification  throughout  the  State  by  the  chemical  and  bio- 
logical examination  of  sewages  and  effluents,  and  by  the 
mechanical  analysis  of  soils,  has  afforded  important  results, 
which,  taken  in  connection  with  the  experimental  work  at 
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the  Board's  Experiment  Station  at  Lawrence,  can  be  directly 
utilized  in  determining  rules  of  practice  for  the  purification  of 
sewage  by  intermittent  filtration  on  a  large  scale.  A  very 
large  number  of  examinations  of  sewage  and  effluents  has  been 
made  from  the  purification  fields  at  Framingham,  Marlbor- 
ough, Gardner,  Medfield,  Westborough,  Lenox  and  Wellesley. 
No  sanitary  question  is  of  greater  or  more  immediate  im- 
portance than  the  disposal  and  purification  on  land,  of  the 
sewage  of  cities  and  towns.  To  do  this  eflectively  and  harm- 
lessly, an  intelligent  control  of  the  process  is  needed  for 
each  situation. 

In  connection  with  th^  study  of  new  sources  of  supply,  a 
large  number  of  ground  waters  has  been  examined,  with  the 
result  of  adding  much  to  our  knowledge  of  the  subterranean 
waters  of  the  State.  In  the  report  for  1892  attention  was 
directed  to  the  presence  of  iron  in  some  ground  waters, 
which  made  them  very  objectionable  for  domestic  use. 
During  the  past  year  the  metal  manganese  has  been  found  in 
well  waters  at  Watertown  in  considerable  amount,  associated 
with  organic  matter.  The  sanitary  significance  of  this  occur- 
rence has  yet  to  be  determined. 

In  previous  reports  of  the  Board  attention  has  more  than 
once  been  drawn  to  the  fact  that  the  deeper  layers  of  water 
in  ponds  wero  stagnant  during  the  warmer  months,  and  that 
when  the  bottom  of  the  pond  or  reservoir  contained  decom- 
posable organic  matter  the  water  near  the  bottom  became 
very  foul  with  the  products  of  putrefaction.  In  the  case  of 
Lake  Winnipiseogee,  samples  taken  during  August  at  a  depth 
of  110  feet  from  the  surface  showed  the  water  to  l>e  of  the 
same  quality  and  composition  at  the  bottom  as  at  the  surface. 

Analyses  of  soils  from  a  proposed  storage  reservoir  have 
been  made  to  determine  the  amount  of  stripping  which  would 
be  necessary  to  remove  all  the  organic  matter  from  the  sur- 
face before  filling  the  reservoir  with  water.  The  cleaning 
of  the  bed  and  sides  of  a  reservoir  is  now  known  to  be  essen- 
tial if  the  water  contained  in  it  is  to  be  preserved  free  from 
putrefiu;tive  products  in  summer;  but  the  depth  to  which 
the  sur&ce  soil  should  be  removed  can  be  best  learned  by  a 
direct  determination  of  the  organic  matter  in  the  different 
layers.  The  results  of  the  analyses  in  this  case  are  interest- 
ing and  valuable. 
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An  extended  series  of  analyses  of  the  water  of  the  lower 
Charles  River  has  been  made  during  the  year  to  determine 
the  amount  of  its  pollution  by  sewage  and  manufacturing 
wastes,  and  also  to  determine  the  influence  of  the  flood  tide 
in  backing  up  the  impure  water. 

During  the  year  the  artificial  ice  made  for  sale  in  the  State 
lias  been  investigated,  chemically  and  biologically.  A  special 
report  on  the  subject  was  made  to  the  General  Court  on  May 
16,  1893. 

Of  the  sewage  filters  at  the  experiment  station,  several  of 
those  that  had  been  in  use  for  five  or  six  years  had  for  a  year 
or  more  been  subject  to  treatment  known  to  be  unlikely  to  give 
the  best  results,  but  tried  for  the  purpose  of  learning  the 
result  of  peculiar  methods  of  treatment,  and  the  eflluent  was 
not  as  well  purified  as  in  former  years.  Upon  restoring  the 
old  filters  to  their  normal  condition  and  treating  them  by  the 
methods  which  had  been  found  most  favorable  for  complete 
purification  they  resumed  their  former  ability,  and  gave  as 
satisfiictory  effluents,  both  in  quality  and  quantity,  as  in  for- 
mer years. 

In  the  filtration  of  sewage  remarkable  results  have  been 
obtained  through  the  past  year,  by  first  filtering  sewage  very 
rapidly  (nearly  five  hundred  thousand  gallons  per  acre  daily) 
through  gravel  stones  through  which  air  was  also  being  con- 
stantly drawn ;  and  then  again  filtering  this  effluent  through 
«and  at  the  rate  of  about  one  million  gallons  per  acre  daily. 
By  the  first  filtering  about  82  per  cent,  of  the  albuminoid 
anmionia  and  the  same  percentage  of  the  bacteria  were  re- 
moved ;  and  at  the  end  of  the  second  filtering  there  remained 
in  the  effluent  but  2|  per  cent,  of  the  albuminoid  ammonia 
of  the  sewage  and  but  two  one-hundredths  of  1  per  cent,  of 
the  bacteria.  By  this  method  of  first  burning  up  the  sludge 
hy  the  help  of  the  current  of  air  drawn  through  the  gravel 
atones  nearly  three  times  as  much  sewage  may  be  nitrified 
and  purified  with  a  given  area  of  surface  as  has  been  previ- 
ously purified  by  sand  filtration. 

It  is  desirable  that  experiments  upon  this  method  of  filtra- 
tion be  continued  and  its  limits  determined. 

Very  good  effluents  have  also  been  obtained  by  rapid  filtra- 
tion through  sand  of  the  supernatant  liquid  after  sewage  has 
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settled  naturally  and  after  the  sludge  has  been  precipitated 
by  chemicals. 

In  water  filtration  very  satisfactory  results  in  the  removal 
of  bacteria  have  been  obtained  when  filtering  at  much  higher 
rates  than  formerly,  even  up  to  nine  million  gallons  per  acre 
daily.  These  results  indicate  the  desirability  of  further  ex- 
periments to  determine  under  what  conditions  satisfactory 
removal  of  disease  germs  may  be  assured  when  filtering  at 
more  rapid  rates. 


ADVICE  TO  CITIES  AND  TOWNS. 

Under  the  provisions  of  chapter  375  of  the  Acts  of  1888^ 
entitled  <*  An  Act  to  protect  the  purity  of  inland  waters, 
and  to  require  consultation  with  the  State  Board  of  Health 
regarding  the  establishment  of  systems  of  water  supply, 
drainage  and  sewerage,"  the  Board  is  required  **  from  time 
to  time  to  consult  with  and  advise  the  authorities  of  cities 
and  towns^  or  with  corporations y  firms  or  individuals  either 
already  having  or  intending  to  introduce  systen^s  of  waier 
supply^  drainage  or  sewerage^  as  to  the  most  appropriate- 
source  of  supply  y  the  best  practicable  method  of  assuring  the 
purity  thereof  or  of  disposing  of  their  drainage  or  sewage^ 
having  regard  to  the  present  and  prospective  needs  and  in^ 
terests  of  other  cities  j  towns  j  corporations  ^  firms  or  individuals 
which  may  be  affected  thereby.  It  shall  also  from  time  to 
time  consult  with  and  advise  persons  or  corporations  en- 
gaged or  intending  to  engage  in  any  manufacturing  or  other 
business,  drainage  or  sewage  from  which  may  tend  to  cause 
the  pollution  of  any  inland  water,  as  to  the  best  practicable 
method  of  preventing  such  pollution  by  the  interception, 
disposal  or  purification  of  such  drainage  or  sewage  :  provided^ 
that  no  person  shall  be  compelled  to  bear  the  expense  of 
such  consultation  or  advice,  or  of  experiments  made  for  the 
purposes  of  this  act.  All  such  authorities^  corporations^ 
firms  and  individuals  are  hereby  required  to  give  notice  to 
said  Board  of  their  intentions  in  the  premises^  and  to  submit 
for  its  advice  outlines  of  their  proposed  plants  or  schemes  in 
relation  to  water  supply  and  disposal  of  drainage  cmd  sewage; 
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and  all  petitions  to  the  Legislature  for  authority  to  introduce 
a  system  of  water  supply  ^  drainage  or  sewerage  shall  be  ao 
companied  by  a  copy  of  the  recommendation  and  advice  of  the 
said  Board  thereon.^ 

During  the  year  1893  the  Board  has  given  its  advice  to 
the  following  cities,  towns,  corporations  and  individuals  who 
have  applied  for  such  advice  under  the  provisions  of  the 
general  act  of  1888,  or  under  special  acts  relating  to  water 
supply  and  sewerage. 

Replies  were  made  during  the  year  to  applications  made 
from  the  following  sources  for  advice  relative  to  water 
supply:  Arlington,  Canton,  Chester,  Fairhaven,  Falmouth 
Heights,  Holyoke,  Hyde  Park,  Kingston,  Lawrence,  Lex- 
ington, Lowell,  Lynn,  Marlborough,  Medford,  Melrose  (three 
replies),  Mendon,  Methuen  (two  replies),  Newburyport 
(two  replies).  North  Andover,  Peabody,  Rockport,  Salem, 
Saundersville  (Grafton),  Scituate,  Sharon,  Southbridge  (two 
replies).  South  Deerfield,  Stoughton,  Uxbridge,  Wakefield, 
Walpole  (two  replies),  Waltham,  Webster,  Westborough, 
West  Springfield,  Whitman. 

Replies  relating  to  sewerage  and  sewage  disposal  were 
made  in  response  to  applications  from  the  following  sources : 
Andover,  Attleborough,  Braintree,  Brockton  (two  replies), 
Framingham,  Holyoke,  Leicester  (three  replies).  North 
Brookfield,  Pittsfield,  Plymouth,  Spencer  and  Westborough. 


Watee  Supply. 

The  following  is  the  substance  of  the  action  of  the  Board 
in  reply  to  applications  for  advice  relating  to  water  supply :  — 

Arlington,  The  committee  on  water  supply  of  the 
town  of  Arlington  applied  to  the  State  Board  of  Health,  Dec. 
24,  1892,  for  advice  relative  to  the  best  method  of  obtaining 
a  water  supi^  for  the  higher  portions  of  the  town,  which 
cannot  be  supplied  from  the  present  service,  and  of  improv- 
ing the  quality  of  the  present  supply.  The  attention  of  the 
Board  was  particularly  called  to  a  plan  for  pumping  water 
firom  driven  wells,  on  the  borders  of  the  great  meadows  and 
near  the  East  Lexington  railroad  station,  to  a  reservoir  at  a 
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sufficieBt  height  to  supply  the  high  portions  of  the  town. 
The  Board  replied  as  follows :  — 

Boston,  Feb.  10, 1893. 

In  order  to  ascertain  the  quality  of  water  from  these  wells,  the 
Board  has  caused  analyses  to  be  made  of  the  five  samples  sent  in 
by  you.  These  samples  showed  the  presence  of  an  unusually  large 
amount  of  free  ammonia  for  a  ground  water  and  a  larger  amount 
of  iron  than  is  commonly  found,  both  of  which  were  probably  due 
to  the  proximity  of  the  wells  to  the  Great  Meadows.  Notwith- 
standing these  characteristics,  if  the  water  drawn  from  this  source 
should  continue  to  be  as  good  as  the  samples,  there  is  no  doubt 
that  it  would  be  satisfactory  for  all  water-supply  purposes,  and 
very  much  better  than  the  water  at  present  supplied  to  Arlington. 
The  great  danger,  however,  is  that  with  continued  pumping  the 
water  will  be  derived  to  an  increased  extent  from  the  meadow  by 
filtration  through  the  peaty  material,  and  will  deteriorate  and  be- 
come unsatisfactory. 

]t  is  obvious  from  an  inspection  of  the  locality  where  the  wells 
are  driven  that  very  little  if  any  water  can  come  from  the  easterly 
or  down  stream  side  of  the  wells  owing  to  the  presence  of  rock  and 
other  impervious  material,  and  the  fall  of  the  ground  in  this  direc- 
tion. In  other  directions  from  the  wells  the  character  of  the  up- 
land which  might  contribute  ground  water  to  them  is  such  that  a 
large  portion  of  the  water  flows  off  into  the  meadows,  and  only  a 
comparatively  small  amount  soaks  into  the  ground,  near  enough  to 
the  wells  so  that  it  will  percolate  directly  to  them.  If  any  large 
quantity  of  water  is  to  be  obtained  from  the  wells,  the  supply  must 
necessarily  be  derived  from  the  meadow  by  the  filtration  of  water 
through  it  into  the  ground  beneath,  and  under  such  circumstances 
it  is  extremely  doubtful  if  the  supply  will  continue  to  be  of  satis- 
factory quality. 

With  regard  to  the  quantity  of  water  to  be  derived  from  this 
source,  the  character  of  the  material  encountered  by  the  test  wells 
and  the  results  obtained  by  the  pumping  test  seem  to  indicate  that 
the  ground  in  the  immediate  vicinity  of  the  wells  is  of  favorable 
character  for  obtaining  a  ground  water  supply.  The  tests  have 
not  been  sufliciently  extended,  however,  to  determine  from  how 
large  a  territory  wells  at  this  place  will  draw  water  or  how  much 
water  can  probably  be  obtained  from  this  source. •  Even  if  the 
wells  should  draw  water  from  a  very  considerable  distance,  so  that 
all  the  water  now  coming  into  the  Great  Meadows  could  be  utilized, 
the  average  daily  supply  in  a  dry  year  could  hardly  be  expected  to 
exceed  200,000  gallons  per  day ;  but  if  the  water  filtering  through 
the  peaty  material  of  the  Great  Meadows  should  prove  to  be  of 
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satisfactory  quality  the  sapply  might  be  increased  by  diverting^ 
into  the  meadows  some  of  the  water  from  the  upper  half  of  the 
main  watershed,  which  would  otherwise  run  to  waste  during  the 
spring  over  the  dam  of  the  main  reservoir. 

Taking  everything  into  consideration  the  Board  is  of  opinion 
that  the  chances  are  against  getting  a  satisfactory  supply  from  the 
proposed  source  either  as  regards  quantity  or  quality,  though  some 
of  the  doubts  which  now  exist  might  be  removed  by  more  thorough 
tests  of  this  source  if  it  were  thought  advisable  to  make  them. 

In  view  of  the  unfavorable  outlook  for  obtaining  a  satisfactory 
supply  from  the  source  already  tested  near  the  Great  Meadows^ 
the  Board  has  caused  examinations  to  be  made  by  its  engineer  of 
other  portions  of  the  watershed  from  which  your  water  supply  is 
derived.  Judging  from  the  surface  indications  he  finds  that  some 
of  the  land  in  the  vicinity  of  the  main  brook  which  feeds  your 
reservoir  promises  to  furnish  a  larger  supply  of  ground  water  of 
good  quality  than  any  other  place  upon  the  watershed,  and  the 
Board  would  therefore  advise  that  you  make  further  tests  in  this 
vicinity.  It  is  desirable  to  locate  a  well  or  wells  quite  a  long  dis- 
tance, say  one-fourth  of  a  mile  or  more,  above  the  present  reser- 
voir but  not  so  far  up  stream  as  to  be  above  the  ridge,  through  a 
cutting  in  which  l^Iunroe  Brook  flows  into  the  stream  which  sup- 
plies your  reservoir.  It  is  also  desirable  to  avoid  the  immediate 
vicinity  of  any  large  swamp,  and  to  select  a  place  where  the  porous 
material  from  which  water  can  be  pumped  freely  extends  to  a  con- 
siderable depth,  say  from  thirty  to  fifty  feet. 

In  addition  to  the  question  of  obtaining  a  supply  from  the 
ground  your  application  also  refers  to  the  deepening  of  the  present 
reservoir  with  a  view  to  improving  the  quality  of  the  water. 

The  disagreeable  character  of  the  water  drawn  from  the  reser- 
voir at  times  last  year  and  also  on  previous  occasions  is  caused  by 
the  growth  and  decay  of  minute  vegetable  forms,  and  these  in  turn 
grow  in  greater  abundance  when  the  water  contains  an  abundant 
supply  of  nitrogenous  food.  Experience  has  shown  that  this  sup- 
ply of  food  may  be  derived  from  organic  matter  in  the  bottom  of 
the  reservoir  or  it  may  come  into  the  reservoir  in  the  water  which 
supplies  it.  In  the  present  case  the  supply  of  food  for  these  mi- 
nute organisms  may  be  derived  from  both  these  sources,  as  there 
is  a  considerable  amount  of  organic  matter  in  the  bottom  of  the 
reservoir,  and  analyses  show  that  the  water  of  the  brook  entering 
the  reservoir  contains  a  liberal  supply  of  nitrogen,  a  result  which 
might  be  expected  from  the  population  upon  the  watershed  and 
the  heavy  manuring  of  portions  of  it. 

The  removal  of  all  mad  from  the  reservoir  and  the  deepening  of 
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the  shallower  portions  would  undoubtedly  have  a  decided  tendency 
to  improve  the  character  of  the  water.  Of  these  improvements, 
however,  the  removal  of  the  mud  is  of  greater  importance  than  the 
deepening  of  the  shallower  portions  of  the  reservoir  where  it  has  a 
gravelly  bottom ;  still,  both  of  them  are  very  desirable.  There  can 
be  no  certainty,  however,  of  any  radical  change  for  the  better  in 
the  quality  of  the  water,  as  these  improvements  would  only  remove 
one  of  the  causes  of  the  minute  vegetable  growths. 

Canton.  The  water  commissioners  of  Canton  requested 
the  advice  of  the  State  Board  of  Health,  March  29,  1893,  as 
to  the  propriety  of  taking  an  additional  supply  of  water  from 
the  valley  of  Beaver  Brook.  To  this  application  the  Board 
repUed  as  follows :  — 

Boston,  Jane  2, 1883. 

The  State  Board  of  Health  has  considered  your  application  with 
regard  to  an  additional  water  supply,  to  be  taken  from  the  valley  of 
Beaver  Brook  above  your  present  pumping  station,  in  accordance 
with  the  report  of  your  engineer,  submitted  with  said  application. 

The  rei)ort  above  mentioned  contains  the  results  of  investigations 
made  at  various  points  in  the  valley  of  Beaver  Brook  above  the 
present  pumping  station.  The  nearest  point  at  which  the  investi- 
gations indicated  the  existence  of  a  valuable  additional  supply  is 
half  a  mile  above  the  present  pumping  station,  in  an  extensive 
meadow  and  swamp  lying  above  Pleasant  Street.  Other  investi- 
gations were  made  about  a  mile  above  the  pumping  station  in  what 
are  known  as  the  Ponkshire  Meadows  and  from  this  point  up  to 
the  vicinity  of  the  Henry  Springs,  so  called,  and  the  question  of 
taking  an  additional  supply  from  Dead  Meadow  Brook  and  from 
York  Pond,  which  lies  at  the  head  of  Beaver  Brook,  was  also  con- 
sidered. 

All  of  these  sources  except  the  Ponkshire  Meadows  may  furnish 
a  valuable  additional  supply  in  the  future,  but  the  investigations 
in  the  meadow  above  Pleasant  Street  indicate  that  a  sufficient  ad- 
ditional supply  of  good  water  for  the  present  may  be  obtained  from 
this  source  alone. 

The  plan  proposed  by  your  engineer  to  meet  all  present  require- 
ments consists  of  a  large  collecting  well  about  2,600  feet  above  the 
present  well,  and  connected  with  it  by  means  of  a  twelve-inch  pipe 
laid  at  a  considerable  depth  below  the  surface  of  the  ground.  It 
is  also  proposed  by  him  to  extend  pipes  above  the  new  well  and  to 
connect  driven  wells  with  them  to  furnish  additional  water. 

Ten  test  wells  were  driven  in  the  immediate  vicinity  of  the  pro- 
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posed  collecting  well  and  at  varying  distances  from  it,  and  samples 
of  water  from  a  portion  of  these  wells  have  been  analyzed  by  the 
State  Board  of  Health.  The  tests  in  this  vicinity  indicate  the  ex- 
istence of  porous  layers  beneath  the  surface,  through  which  water 
will  flow  freely;  and  the  samples  of  water  collected  in  the  im- 
mediate vicinity  of  the  proposed  collecting  well  were  of  excellent 
quality.  At  a  distance  of  a  few  hundred  feet  from  this  location, 
however,  one  sample  was  collected  which  contained  enough  iron  to 
make  the  water  objectionable  for  domestic  uses,  and  at  a  somewhat 
greater  distance  in  another  direction  an  unsatisfactory  water  was 
obtained.  There  is  therefore  some  doubt  whether  the  water  at  the 
location  of  the  collecting  well  will  maintain  its  present  good  quality 
when  a  continuous  draft  on  the  well  causes  the  water  to  flow  to 
this  point  from  all  directions.  The  tests  above  the  collecting  well 
are  limited  in  number  and  do  not  enable  any  definite  judgment  to 
be  formed  as  to  the  character  of  the  water  to  be  obtained  from  the 
wells,  which,  according  to  the  proposed  plan,  are  to  be  driven  to 
supplement  the  supply  from  the  collecting  well. 

Taking  the  investigations  made  in  this  vicinity  as  a  whole,  they 
seem  to  indicate  that  it  will  be  feasible  to  obtain  a  satisfactory 
supply  of  water,  but  they  do  not  indicate  definitely  how  large  a 
territory  will  furnish  good  water,  or  whether  the  territory  which 
furnished  samples  of  good  water  will  continue  to  furnish  water  of 
the  same  quality  when  a  continuous  draft  is  made  upon  it,  nor  can 
the  permanent  quality  of  the  water  be  thoroughly  tested  except  by 
producing  this  continuous  draft,  which  may  be  done  either  by 
driving  wells,  connecting  them  together  and  pumping  from  them 
for  a  long  time,  or  by  laying  the  proposed  main  pipe  and  connect- 
ing the  driven  wells  with  it  so  that  they  will  flow  continuously. 
The  cost  of  a  pumping  test  would  be  so  large,  without  adding  any- 
thing of  permanent  value  to  the  works,  that  the  Board  advises  the 
laying  of  the  main  pipe  as  proposed  by  your  engineer,  and  the  con- 
nection with  it  of  driven  wells,  substantially  as  proposed  by  him, 
in  the  territory  where  the  best  water  can  be  obtained,  and  one  or 
two  driven  wells  at  the  site  of  the  proposed  collecting  well,  but  it 
would  not  advise  the  construction  of  the  collecting  well  until  the 
test  wells  in  its  vicinity  had  shown  by  running  a  long  time,  say  six 
months  or  a  year,  that  the  water  from  them  was  not  deteriorating 
in  quality.     After  such  test  the  collecting  well  could  be  constructed. 


Chester.  The  committoe  on  water  supply  of  the  town  of 
Chester  applied  to  the  State  Board  of  Health,  April  25, 1893, 
for  its  advice  relative  to  taking  the  water  of  Austin,  Walker 
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and  Blandford  brooks,  In  the  towns  of  Chester  and  Beoket^ 
and  of  Horn  Pond  in  the  town  of  Becket.  The  Board  replied 
as  follows :  — 

Boston,  June  1, 1803. 

In  response  to  your  application  of  April  25,  1893,  the  State 
Board  of  Health  has  caused  an  examination  to  be  made  of  four 
sources  of  water  supply  for  Chester,  namely,  the  Austin,  Blandford, 
and  Walker  brooks  in  Chester  and  Becket,  and  Horn  Pond  in 
Becket. 

Samples  of  water  from  all  of  these  sources,  collected  by  you 
May  22,  have  been  analyzed.  All  four  samples  are  very  soft  and 
there  is  no  choice  between  them  in  this  respect.  In  all  other  re- 
spects the  analyses  of  samples  from  the  Austin  and  Blandford  brooka 
indicate  that  these  waters  are  very  nearly  alike  in  quality,  with  a 
slight  advantage  in  favor  of  the  Austin  Brook,  and  that  they  are 
decidedly  better  than  the  waters  of  Walker  Brook  or  Horn  Pond. 
An  examination  of  Austin  Brook  shortly  after  a  heavy  rain  showed 
only  a  moderate  amount  of  turbidity  in  its  water,  and  the  absence 
of  houses  and  roads  upon  its  watershed  are  a  point  in  its  favor. 
It  is  therefore  a  very  desirable  source  of  supply  to  the  extent  of 
its  capacity.  There  is  obviously  no  reason  to  doubt  that  it  will 
furnish  the  town  with  an  ample  supply  of  water  for  all  ordinary 
water  supply  purposes  except  during  very  dry  seasons,  and  judging 
from  the  yield  of  other  mountain  streams,  in  proportion  to  the  ter- 
ritory drained  by  them,  it  will  furnish  a  sufficient  quantity  of 
water  even  at  such  times  for  these  purposes. 

The  Blandford  Brook  at  its  mouth  has  a  watershed  about  one- 
half  greater  than  that  of  the  Austin  Brook,  and  in  the  absence  of 
definite  knowledge  its  summer  flow  may  be  assumed  to  be  one-half 
greater  than  that  of  the  Austin  Brook. 

The  sample  of  water  from  the  Walker  Brook  was,  as  before  indi- 
cated, not  as  good  as  those  from  the  Austin  and  Blandford  Brooks ; 
still  it  would  be  classed  as  a  satisfactory  water  in  towns  where 
there  are  not  so  many  opportunities  for  getting  a  first-class  water, 
and  there  is  no  reason  now  known  to  the  Board  why  it  should  not 
be  resorted  to  should  the  other  sources  fail  in  very  dry  times  to 
furnish  a  sufficient  supply.  At  such  times  it  seems  probable  that 
the  water  from  this  brook  might  be  as  good  as  that  from  the  others, 
but  more  definite  information  upon  this  point  can  be  obtained  by 
collecting  and  analyzing  a  sample  of  water  from  the  brook  when 
at  a  low  stage. 

The  sample  from  Horn  Pond  indicates  that  at  the  time  of  its 
collection  the  water  of  this  source  was  better  than  that  of  the 
Walker  Brook,  but  not  nearly  as  good  as  that  of  the  other  brooks. 
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The  water  of  ponds  and  other  quiet  bodies  of  water  is  liable  to  be 
affected  at  times  by  growths  of  minute  organisms  which  affect  the 
taste  and  odor  of  the  water,  and  which,  though  not  known  to  be 
injurious  to  health,  may  at  such  times  render  the  water  unpalat- 
able. This  source  would  furnish  a  sufficient  quantity  of  water, 
but  owing  to  the  reasons  above  indicated  and  to  the  larger  cost  of 
taking  water  from  it  on  account  of  its  greater  distance  from  Ches- 
ter, it  does  not  seem  to  be  a  desirable  source  for  the  town  to  adopt. 
In  the  following  suggestions  as  to  the  source  to  be  adopted  and 
the  general  plan  of  works  the  Board  necessarily  bases  its  judgment 
on  facts  deduced  from  observations  made  in  other  places,  and  these 
suggestions  may  therefore  require  modification  on  account  of  the 
local  conditions  affecting  the  minimum  flow  of  these  streams,  of 
which  the  Board  now  has  no  definite  knowledge.  .The  suggestions 
are  that  Austin  Brook  should  be  adopted  as  a  source  of  supply  in 
any  case,  and  that  if  a  larger  amount  of  water  than  it  will  supply 
is  needed  it  should  be  taken  from  the  Blandford  Brook  near  its 
mouth.  If  a  still  further  supply  should  ever  be  needed,  which 
would  occur  only  during  very  extreme  droughts,  if  at  all,  it  should 
be  taken  from  Walker  Brook.  Should  water  be  taken  from  both 
the  Austin  and  Blandford  brooks  it  would  be  desirable  to  place 
the  inlet  at  the  former  slightly  higher  than  at  the  latter  so  as  to 
insure  taking  the  supply  from  the  Austin  Brook  whenever  it  will 
furnish  a  sufficient  quantity  of  water,  and  thereby  prevent  the 
entrance  of  the  water  from  the  Blandford  Brook  whenever  it  is 
affected  by  the  wash  from  the  road  near  it. 

Faibhaven.  The  authorities  of  Fairhaven  applied  to  the 
Board,  March  10,  for  advice  in  regard  to  introducing  a  water 
supply  from  driven  wells  in  the  easterly  part  of  the  town,  to 
which  the  Board  replied  as  follows :  — 

Boston,  May  6, 1893. 
The  State  Board  of  Health  has  considered  your  application  dated 
March  10,  1893,  relative  to  a  proposed  water  supply  for  the  town 
of  Fairhaven,  to  be  taken  from  driven  wells  in  the  valley  of  the 
Nasketucket  River,  a  small  stream  situated  about  one  and  a  half 
miles  east  of  the  town.  At  this  place  six  test  wells  have  been 
driven  and  are  now  flowing.  Samples  of  water  collected  from 
three  of  these  wells  have  been  analyzed.  The  analysis  of  the 
water  from  the  northeasterly  well  showed  it  to  be  a  very  pure  and 
very  soft  water,  while  the  samples  from  one  of  the  intermediate 
wells  and  from  the  southwesterly  well  indicated  water  that  had  at 
some  time  been  polluted  and  again  purified  by  filtration  through 
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the  groand.  As  there  are  very  few  houses  anywhere  near  the  wells 
and  the  whole  watershed  is  yery  sparsely  settled,  the  inference  to 
be  drawn  from  these  results  is  that  the  southerly  wells  intercept  a 
vein  of  water  which  has  passed  near  one  of  the  nearer  farmhouses. 
These  results  should  not  lead  to  the  rejection  of  this  source  on  the 
score  of  quality,  because,  not  only  is  the  water  purified  by  its  pas- 
sage through  the  ground,  but  it  is  not  improbable  that  when  water 
is  pumped  from  this  source  coutinuously  it  will  assume  much  more 
nearly  the  character  of  the  water  now  flowing  from  the  northeast- 
erly well.  It  would  be  advisable,  however,  in  any  case,  if  a  supply 
is  taken  from  this  source,  to  determine  from  which  farmhouse  the 
polluting  matter  now  enters  the  ground,  and  prevent  such  pollution^ 
rather  than  depend  upon  the  purifying  power  of  the  ground. 

With  regard  to  the  quantity  of  water  to  be  derived  from  wells  in 
this  locality,  the  tests  made  up  to  the  present  time  do  not  appear 
to  be  conclusive  as  to  whether  the  supply  will  be  suflScient  for  the 
town  for  any  considerable  time  in  the  future.  Taking  into  account, 
however,  the  results  of  these  tests,  the  comparative  economy  of 
this  source  on  account  of  its  nearness  to  the  town  as  compared  with 
any  source  from  which  it  is  at  all  probable  that  a  satisfactory  sup- 
ply can  be  obtained,  the  opportunities  for  supplementing  the  supply 
whenever  necessary  from  the  Mattapoisett  River  valley,  and  the 
excellent  quality  of  the  water  which  the  proposed  source  may  be 
expected  to  furnish  with  proper  care  to  prevent  pollution,  the  Board 
is  of  opinion  that  this  source  is  a  proper  one  from  which  to  take  at 
the  present  time  a  water  supply  for  Fairhaven. 

It  has  been  found  by  experience  in  this  State  that  wells  encoun- 
tering ledge  within  20  to  30  feet  of  the  surface  do  not  furnish  as 
large  a  quantity  of  water  as  where  the  ledge  is  at  a  greater  depth, 
and  the  Board  therefore  advises  you  to  make  further  tests  of  the 
ground  in  this  vicinity  before  locating  the  permanent  wells  in  order 
to  ascertain  if  a  place  cannot  be  found  where  the  ground  is  porous 
enough  to  furnish  water  freely  and  where  the  ledge  is  at  a  greater 
depth  than  at  the  present  location. 

Falmouth  Heights.  The  Falmouth  Heights  Water  Com- 
pany applied  to  the  Board,  June  13,  for  advice  relative  to 
taking  a  supply  of  water  from  a  well  or  wells  on  the  premises 
of  the  company  at  Falmouth  Heights,  a  summer  resort  in 
Falmouth,  upon  Vineyard  Sound.  The  Board  replied  as 
follows :  — 

Boston,  July  6, 1888. 

In  reply  to  your  application  dated  June  13,  1893,  relative  to  a 
proposed  water  supply  for  the  summer  settlement  known  as  Fal- 
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moath  Heights,  in  the  town  of  Falmouth,  the  State  Board  of  Health 
has  caused  an  analysis  to  be  made  of  a  sample  of  water  from  a  well 
sunk  in  one  of  the  parks  at  the  Heights,  a  few  hundred  feet  north 
of  Observatory  Hill,  and  finds  that  the  water  is  at  present  of  excel- 
lent quality  for  water  supply  purposes. 

Without  further  information  the  Board  is  unable  to  advise  in 
regard  to  the  quantity  of  water  that  can  be  obtained,  and  it  should 
be  examined  after  continued  use  that  its  permanent  character  may 
be  determined. 

HoLYOKE.  The  water  commissioners  of  Holy  oka  applied 
to  the  Board,  June  13,  for  its  advice  relative  to  taking  the 
water  of  Munn  Brook,  in  the  town  of  Granville,  as  an  addi- 
tional water  supply  for  tTie  city.  The  Board  replied  to  this 
application  as  follows :  — 

Boston,  Oct.  5, 1893. 

The  State  Board  of  Health  received  from  you  on  June  13, 1893, 
an  application  for  advice  with  regard  to  an  additional  water  supply 
for  the  city  of  Holyoke,  accompanied  by  a  plan  for  taking  water 
from  Munn  Brook  in  the  town  of  Granville,  through  a  pipe  20 
inches  in  diameter,  to  Ashley  Pond,  one  of  the  present  sources  of 
water  supply  of  Holyoke. 

The  Board  has  caused  an  examination  of  the  watershed  of  Munn 
Brook  to  be  made,  also  an  analysis  of  a  sample  of  water  collected 
from  the  brook  near  the  proposed  point  of  taking. 

These  examinations  indicate  that  the  water  is  soft  and  naturally 
of  very  good  quality ;  but  it  is  at  present  polluted  at  a  few  points 
by  the  discharge  of  sewage  into  it. 

This  pollution  should  be  stopped  before  the  water  is  taken  for 
nse,  and  as  an  additional  precaution  it  is  desirable  that  the  water 
should  be  diverted  into  Ashley  Pond  rather  than  be  allowed  to 
run  directly  from  the  stream  through  the  pipes  into  the  city. 

The  amount  of  water  which  this  source  will  furnish  with  a  20- 
inch  pipe  connection  to  Ashley  Pond  is  so  limited  that  the  Board 
would  advise  the  use  of  a  pipe  not  less  than  24  inches  in  diameter ; 
and  even  with  a  connection  of  this  size,  the  brook  will  not  furnish, 
in  very  dry  seasons,  a  sufficient  additional  supply  for  any  long 
term  of  years  in  the  future  if  the  city  continues  to  grow  as  it  has 
in  the  past,  unless  capacious  storage  reservoirs  are  built  upon  it  or 
its  branches. 

Certain  sites  for  reservoirs  have  been  indicated,  but  the  informa- 
tion furnished  with  regard  to  their  character,  capacity,  and  cost  is 
too  limited  to  warrant  an  opinion  as  to  whether  it  is  desirable  to 
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constract  them.  It  has  been  shown,  however,  that  it  is  feasible 
to  supplement  the  supply  to  be  obtained  from  Munn  Brook  by  a 
comparatively  short  connection  from  the  Westfield  Little  River ; 
so  that  if  Munn  Brook  should  prove  insuflScient,  there  may  be  an 
opportunity  to  obtain  a  further  supply  from  this  river. 

The  Board  has  also  caused  an  examination  to  be  made,  in  a 
general  way,  of  other  available  sources,  among  which  may  be  men- 
tioned the  Westfield  Little  River  above  referred  to,  and  Bachelor 
Brook  in  Granby,  both  of  which  would  furnish  more  water  than 
Munn  Brook ;  the  former  by  gravity,  and  the  latter  by  pumping. 

Neither  of  the  three  sources  which  have  been  mentioned  had 
such  a  distinct  advantage  over  the  others  as  to  enable  the  Board  to 
advise,  with  the  information  now  available,  as  to  which  is  the  most 
appropriate  source  of  water  supply  for  Holyoke. 

It  is  obvious  that  a  further  water  supply  for  Holyoke  is  urgently 
needed ;  and  in  view  of  the  fact  that  an  adequate  additional  supply 
will  necessarily  require  a  large  expenditure  of  money,  the  Board 
advises  you  to  have  made,  as  promptly  as  possible,  with  the  assist- 
ance of  an  engineer  skilled  in  water  supply  investigation,  a  much 
more  thorough  investigation  of  the  available  sources  than  has  yet 
been  made. 

When  this  additional  information  is  received,  the  Board  will 
advise  you  further  in  this  matter. 

Accompanying  this  reply  will  be  found  a  table  of  analyses  of 
samples  of  water  collected  from  various  sources. 

The  water  of  streams  varies  so  much  from  time  to  time  that  it 
will  be  advisable  to  have  further  analyses  made  as  a  basis  for 
forming  a  judgment  as  to  the  relative  quality  of  water  from  the 
different  sources.  The  Board  will  cause  these  analyses  to  be  made, 
if  you  will  provide  for  collecting  the  samples. 

Hyde  Park.  The  Hyde  Park  Water  Company  applied 
to  the  Board,  May  26,  for  advice  as  to  the  propriety  of  in- 
creasing their  present  supply  of  water  by  the  use  of  driven 
wells  north  of  their  present  driven  well  system.  The  Board 
replied  to  their  application  as  follows :  — 

Boston,  Jane  14, 1893. 

The  State  Board  of  Health  has  received  and  considered  your 
application  dated  May  26,  1893,  asking  it  to  examine  and  report 
upon  the  quality  of  water  from  a  new  system  of  driven  wells, 
located  just  north  of  the  present  driven  well  system  in  Hyde  Park. 

Samples  of  water  have  been  collected  and  analyzed  from  three 
wells  of  this  system,  one  being  the  well  nearest  the  river,  another 
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a  well  near  the  middle  of  the  system,  and  a  third  the  well  farthest 
from  the  river.  These  samples  were  all  collected  by  pumping  with 
a  hand  pump.  The  water  from  the  well  nearest  the  river  (well 
No.  5)  gives  the  same  indications  of  imperfect  filtration  which  are 
characteristic  of  water  from  the  starch  factory  well,  though  not  to 
so  great  an  extent.  This  water  would  not  be  of  satisfactory 
quality  for  water  supply  purposes.  The  samples  from  the  inter- 
mediate well  and  from  the  one  farthest  from  the  river  (wells  Nos. 
14  and  36)  resemble  in  character  the  water  taken  from  your  present 
driven  well  system  five  or  six  years  ago  and  are  of  satisfactory 
quality.  Just  what  the  effect  will  be  of  continuous  pumping  from 
the  wells  which  now  furnish  good  water  cannot  be  foretold  with 
certainty.  The  general  experience  under  these  circumstances,  how- 
ever, is  that  the  water  will  deteriorate.  The  Board  would  therefore 
advise  that  if  you  take  any  water  from  the  new  system  of  wells 
each  well  should  be  provided  with  a  gate  so  that  it  can  be  shut  off 
if  it  furnishes  water  of  unsatisfactory  quality,  and  frequent  tests 
should  be  made  to  determine  whether  or  not  the  water  is  deterio- 
rating. 

It  is  very  desirable  that  in  increasing  your  supply  in  the  vicinity 
of  your  present  pumping  station  water  should  be  taken  from  the 
ground  as  far  from  the  river  as  suitable  porous  material  can  be 
found. 

Kingston.  The  water  commissioners  of  Kingston  ap- 
plied to  the  Board,  June  9,  for  its  advice  relative  to  increas- 
ing their  water  supply  by  taking  the  water  of  Jones  River, 
in  case  their  present  ground- water  supply  should  prove  insuf- 
ficient.    The  Board  replied  as  follows :  — 

Boston,  July  6, 1893. 

The  State  Board  of  Health  received  from  you  on  June  9,  1893, 
an  application  with  regard  to  using  water  from  Jones  River  this 
summer  for  an  additional  water  supply  if  the  supply  from  the  pres- 
ent well  and  filter-gallery  should  prove  insufficient. 

The  Board  caused  samples  of  water  collected  from  Jones  River 
at  Kingston  in  October,  1887,  and  in  Febiiiary,  1890,  to  be  an- 
alyzed, and  these  analyses  indicate  that  the  water  has  a  rather 
dark  color,  owing  to  the  drainage  from  swamps  on  the  watershed, 
and  that  it  would  not  be  wholly  satisfactory  to  the  consumers  either 
in  taste  or  appearance.  With  regard  to  its  relation  to  the  health 
of  the  consumers  it  may  be  said  that  in  a  case  like  this  a  chemical 
analysis  of  the  water  is  not  a  trustworthy  guide.  The  experience 
of  the  Board  has  shown  that  a  running  stream  which  receives  sew- 
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age  above  the  point  where  the  water  is  taken  from  it  is  one  of  the 
most  dangerous  sources  of  water  supply ;  because,  if  the  infection 
of  any  specific  disease  is  turned  into  the  stream,  it  is  much  more 
likely  to  be  conveyed  to  the  water  works  intake  and  thence  to  the 
consumers  before  it  loses  its  virulence  than  if  the  sewage  entered 
a  large  pond  or  reservoir  where  there  is  no  current. 

The  advice  of  the  Board  is  therefore  that  the  town  of  Kingston 
should  not  use  the  water  of  Jones  River  even  temporarily  without 
first  ascertaining  by  an  actual  inspection  of  the  main  stream  and 
its  tributaries  that  no  sewage  is  turned  directly  into  them  ;  and  it 
is  the  further  opinion  of  the  Board  that  this  river  is  not  an  appro- 
priate source  from  which  to  take  a  permanent  water  supply  for 
Kingston. 

Lawrence.  Application  was  received  from  the  Lawrence 
water  board  for  information  in  regard  to  the  results  of 
filtration  of  the  water  supply  of  the  city  through  the  filter 
covering  two  and  a  half  acres,  built  by  the  city  during  the 
past  year  at  an  expense  of  about  $65,000. 

The  water  supply  is  drawn  from  the  Merrimack  River 
about  nine  miles  below  the  entrance  of  the  sewage  of  the 
city  of  Lowell,  and  for  many  years  typhoid  fever  had  pre- 
vailed in  Lawrence  to  the  extent  of  three  times  the  average 
of  the  cities  of  the  State,  and  following  six  or  eight  weeks 
after  its  prevalence  in  Lowell. 

Under  date  of  December  5,  the  following  reply  was 
made:  — 

The  filter  bed  built  by  the  city  of  Lawrence  under  the  advice 
and  in  accordance  with  plans  of  the  State  Board  of  Health,  has 
been  steadily  purifying  the  water  supply  of  the  city  since  the 
twentieth  of  September. 

When  commencing  to  construct  the  filter,  you  were  advised 
that  ''with  such  a  filter,  properly  managed,  the  experiments  of 
the  Board  of  Health  indicate  that  at  least  98  per  cent,  of  all  of  the 
bacteria  of  the  river  water  will,  under  all  circumstances,  be  re- 
moved." During  the  past  two  months  the  filter  has  been  removing 
this  percentage  of  all  the  bacteria  of  the  river  water,  but  this  is 
not  all  that  it  accomplishes ;  it  removes  a  large  part  of  the  organic 
matter  of  the  river  water  and  converts  it  to  mineral  matter,  thus 
removing  from  the  water  the  food  material  which  the  bacteria  live 
upon,  and  the  result  is  that  the  two  per  cent,  of  bacteria  remain- 
ing after  the  water  has  passed  through  the  filter  find  their  oondi- 
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tions  of  life  so  unfavorable  that  they  decrease  as  the  water  goes 
on  through  the  reservoir  and  through  the  distributing  pipes,  until 
when  the  water  reaches  the  citizens  there  remains  but  one-half  of 
one  per  cent,  of  the  number  of  bacteria  in  the  river  water,  that 
is,  ninety-nine  and  one-half  per  cent,  of  all  have  been  removed. 

The  experiments  of  the  Board  indicate  that  the  small  number 
remaining  are  of  a  few  hardy  kinds  that  are  not  known  to  be  in 
any  way  injurious  to  health,  and  leave  the  strong  probability  that 
all  disease-producing  germs  have  been  removed. 

It  will  be  a  satisfaction  to  the  citizens  to  know  that  while  for 
the  past  five  years  the  number  of  deaths  by  typhoid  fever  in 
Lawrence  has  averaged  five  for  the  month  of  October  and  five  for 
the  month  of  November,  the  number  of  deaths  this  year  has  been 
only  one  for  each  of  these  months. 

Lexington.  The  water  company  of  Lexington  appUed  to 
the  Board,  February  15,  for  its  advice  relative  to  an  addi- 
tional water  supply,  and  the  Board  replied  as  follows :  — 

Boston,  May  4, 1893. 

The  State  Board  of  Health  has  considered  your  application, 
dated  Feb.  15,  1893,  asking  the  ad\ice  of  the  Board  in  regard  to 
an  additional  water  supply  for  the  town  of  Lexington.  This  ap- 
plication was  accompanied  by  the  report  of  the  civil  engineer 
employed  by  you  to  make  investigations  for  an  additional  water 
supply  for  the  town,  and  by  a  plan  prepared  by  him  of  proposed 
storage  reservoirs  on  Vine  Brook,  above  your  present  works.  The 
attention  of  the  Board  was  subsequently  called  by  you  to  the 
covered  gallery,  built  last  year,  for  the  collection  of  ground  water, 
in  the  sandy  plain  near  the  village,  and  connected  with  your  pres- 
ent ground  water  sources. 

The  report  of  your  engineer  relates  to  examinations  for  a  supply 
from  entirely  new  sources  as  well  as  to  augmenting  the  present 
supply  by  additional  works  within  the  territory  from  which  it  is 
derived.  The  examinations  for  new  sources  were  made  in  a 
westerly  or  north-westerly  direction  from  the  central  village  of 
Lexington,  in  territory  from  which  the  water  drains  toward  the 
Shawsheen  River  in  the  town  of  Bedford,  and  extended  to  a  point 
nearly  two  and  a  half  miles  from  the  village.  The  larger  streams 
within  this  territory  will  not  furnish  directly  a  water  of  satisfactory 
quality  for  the  purposes  of  a  public  water  supply,  and  the  smaller 
streams  at  the  points  where  the  water  is  good  will  furnish  so  little 
water  that  it  would  be  diflScult,  if  not  impracticable,  to  obtain  from 
them  a  sufficient  quantity  of  water  for  Lexington.     The  test  wells 
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driven  under  the  direction  of  your  engineer  within  this  territory 
give  unfavorable  indications  with  regard  to  obtaining  a  satisfactory 
ground  water  supply  from  it. 

The  difficulty  of  obtaining  a  supply  from  any  new  source  about 
Lexington,  as  indicated  by  the  special  examinations  of  your  en- 
gineer in  the  territory  mentioned,  and  a  general  examination  of 
other  possible  sources,  seems  to  warrant  the  adoption  of  measures 
for  developing  the  present  supply  which  might  not  be  warranted  if 
a  much  better  source  could  be  obtained  within  a  reasonable  distance 
from  the  town. 

It  is  understood  that  your  present  ground  water  sources  now 
furnish  an  ample  supply  of  water  during  all  but  the  dryer  portions 
of  the  year,  and  that  the  reservoirs  shown  u|)on  the  plan  submitted 
are  intended  to  supply  the  deficiency  at  such  times.  The  lower  of 
the  two  reservoirs  is  considerably  further  up  stream  and  about 
five  times  as  large  as  the  one  proposed  by  you  in  1891,  and  referred 
to  unfavorably  in  the  reply  of  the  Board  to  you  dated  April  7th  of 
that  year.  The  present  location  is  much  better  than  the  old  one, 
but,  owing  to  the  fact  that  some  of  the  land  above  the  re8er\'oir  is 
cultivated,  and  that  so  small  a  quantity  of  water  will  flow  into  it 
owing  to  the  limited  size  of  its  watershed,  much  care  will  have  to 
be  taken  to  maintain  the  water  in  a  pure  and  satisfactory  condition. 
In  the  preparation  of  the  reservoir  all  soil  and  vegetable  matter 
should  be  removed  from  its  bottom  and  sides,  and  the  shallow  por- 
tions should  be  deepened.  A  liberal  amount  of  land  should  be 
acquired  around  the  reservoir  for  its  protection,  and  suitable  ar- 
rangements should  be  made  to  prevent  any  washings  from  manured 
fields  from  flowing  into  it.  It  would  also  be  necessary  to  take 
proper  measures  to  prevent  any  contamination  of  the  water  by  the 
drainage  from  a  large  stable  at  the  extreme  upper  end  of  the  water- 
shed. 

The  upper  reservoir  is  less  satisfactory  than  the  lower  one  as  it 
is  shallow  and  has  so  small  a  watershed  that  the  water  would  stand 
in  it  a  very  long  time  before  being  replaced  by  fresh  water,  and  it 
would  probably  become  unfit  for  use.  If,  therefore,  you  decide  to 
increase  the  supply  by  storing  the  surplus  water  which  flows  off 
during  the  wetter  portions  of  the  year,  the  Board  would  advise  that 
the  upper  reservoir  should  not  be  constructed  and  that  the  lower 
one  should  be  enlarged  as  much  as  possible  by  locating  the  dam 
somewhat  further  down  stream,  and  by  excavating  within  the 
reservoir.  The  suggestion  of  your  engineer  that  '*  some  additional 
ground  water  might  be  brought  into  the  pump  well  by  laying  an 
open- jointed  sub-drain  in  the  trench  with  the  leading  main  from 
the  reservoir,  making  the  Joints  tight  wherever  the  pipe  passed 
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through  a  inuck  deposit,"  is  one  worthy  of  adoption  should  the 
portion  of  the  pipe  trench  through  the  sandy  land  toward  the  pro- 
posed reservoir  be  found  to  furnish  water  freely. 

An  analysis  has  been  made  of  a  sample  of  water  collected  from 
your  covered  gallery  near  the  village,  and  the  water  is  at  the 
present  time  of  satisfactory  quality  for  domestic  use.  At  the  time 
the  sample  was  collected  water  was  not  being  drawn  from  this 
source,  and  as  its  quality  may  change  when  there  is  a  draft  upon 
it  you  are  requested  to  notify  the  Board  when  you  begin  to  use  it, 
and  further  examinations  will  be  made. 

Lowell.  The  Water  Board  of  Lowell  applied  to  the 
State  Board  of  Health,  May  9,  for  its  advice  relative  to 
taking  an  additional  supply  of  water  from  the  valley  of 
River  Meadow  Brook  in  the  south  part  of  Lowell.  The 
Board  replied  as  foUows:  — 

Boston,  May  15, 1893. 

Samples  of  water  from  driven  wells  in  this  locality  were  sent  in 
to  the  Board  by  your  engineer  last  autumn,  and  the  water  was  then 
found  upon  examination  to  be  of  excellent  quality  for  all  the  pur- 
poses of  a  public  water  supply.  This  portion  of  the  city,  however, 
is  growing  rapidly  and  in  order  to  maintain  the  purity  of  the  water, 
if  a  supply  is  taken  from  this  source,  the  city  should  control  the 
land  for  a  considerable  distance  from  the  wells  in  all  directions  so 
as  to  prevent  the  construction  of  buildings  near  them,  and  should 
extend  the  sewerage  system  of  Lowell  so  as  to  carry  away  from 
all  buildings  the  sewage  which  might  otherwise  find  its  way  by 
filtration  through  the  ground  into  the  wells. 

The  time  within  which  you  desire  a  reply  is  too  limited  to  permit 
the  Board  to  make  sufficiently  extended  investigations  to  serve  as 
a  basis  for  an  opinion  as  to  the  quantity  of  ground  water  which 
can  be  obtained  from  the  valley  of  this  brook  within  the  limits  of 
the  city  of  Lowell,  nor  does  such  an  opinion  seem  necessary  at  the 
present  time  when  you  are  constructing  extended  works  by  which 
the  capacity  of  this  source  can  be  tested. 

Lynn.  The  mayor  of  Lynn  applied  to  the  State  Board  of 
Health,  January  31,  for  its  advice  relative  to  taking  the 
water  of  Saugus  River  and  its  tributaries  as  an  additional 
supply  for  Lynn.     The  Board  replied  as  follows  :  — 

Boston,  April  4, 1893. 
The  application  is  not  limited  to  any  particular  portion  of  the 
river  and  its  tributaries,  but  the  attention  of  the  Board  has  been 
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directed  chiefly  to  the  territory  above  Howlett's  dam,  to  which  the 
works  of  the  Lynn  water  supply  now  extend.  Above  this  point 
on  the  river  are  situated  the  towns  of  Wakefield  and  Reading 
which  tarn  so  much  polluting  matter  into  the  streams  as  to  ren- 
der the  Saugus  River  at  this  point  an  unfit  source  from  which  to 
take  a  water  supply,  unless  the  water  is  very  thoroughly  purified 
by  filtration.  This  polluting  matter  enters  Quannapowitt  Lake 
and  its  tributaries  and  the  streams  which  flow  through  Wakefield 
and  enter  the  river  below  the  town.  If  these  polluted  waters  were 
diverted,  those  coming  from  the  remaining  portions  of  the  water- 
shed would  be  comparatively  free  from  pollution  by  sewage. 

No  extended  chemical  examinations  of  these  unpolluted  sources 
have  been  made,  with  the  exception  of  Filling's  Pond,  but  Judging 
from  an  examination  of  the  water  at  this  season  of  the  year  and  a 
few  previous  analyses,  it  seems  probable  that  some  of  the  water, 
particularly  that  from  the  river  itself,  would  be  unsatisfactory  for 
water  supply  purposes,  owing  to  the  large  amount  of  swampy  land 
with  which  the  water  comes  in  contact,  thereby  making  it  very  dark 
in  color  and  giving  it  a  peaty  taste  and  odor. 

Filling's  Fond  is  an  artificial  millpond  made  by  fiowing  a  meadow 
to  a  depth  of  four  feet.  The  State  Board  of  Health  in  1888  ad- 
vised the  Revere  Water  Company  that  this  pond  was  not  a  suit- 
able source  of  supply  for  the  towns  of  Revere  and  Winthrop, 
owing  principally  to  the  fact  that  if  used  as  a  principal  source  of 
supply  it  would  necessarily  be  drawn  very  low  in  the  summer. 
The  water,  however,  is  of  fairly  good  quality  considering  the  very 
small  depth  of  the  pond  and  it  might  be  used  by  Lynn  in  connec- 
tion with  present  sources  until  a  better  supply  can  be  obtained. 

There  is  a  very  large  amount  of  flat  land  adjacent  to  the  river 
between  the  dam  at  Montrose  and  Lake  Quannapowitt  and  it 
seems  not  improbable  that  a  valuable  ground  water  might  be  ob- 
tained from  this  territory,  although  there  are  no  means  of  deter- 
mining at  all  definitely  at  the  present  time  either  the  quantity  or 
the  quality  of  water  which  could  be  obtained.  It  is  not  improb- 
able, however,  that  the  quality  of  the  ground  water  would  be  very 
much  better  than  any  surface  water  supply  from  this  vicinity  and 
the  quantity  may  be  as  large  as  would  be  furnished  by  the  surface 
water  sources  after  excluding  the  polluted  water  of  Lake  Quanna- 
X)owitt  and  the  brook  which  receives  the  drainage  of  Wakefield. 

The  Board  recognizes  the  gravity  of  the  present  situation  of  the 
Lynn  water  supply  and  would  therefore  advise  that  provision 
should  be  made  at  the  earliest  possible  moment  for  supplementing 
the  present  supply  with  the  best  water  which  can  be  obtained  from 
the  Saugus  River  watershed* 
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In  order  to  provide  any  other  than  a  very  temporary  supply  of 
potable  water  from  the  Saugus  River  valley,  it  is  obvious  that  the 
works  must  necessarily  be  somewhat  oomplex  and  expensive,  and 
it  is  not  at  all  probable  that  a  fairly  permanent  supply  can  be 
obtained  f  ram  this  source.  The  Board  would  therefore  advise  that 
before  entering  upon  any  extensive  works  in  this  valley,  the  whole 
subject  of  a  further  water  supply  from  this  valley,  and  from  other 
available  sources,  should  be  carefully  investigated.  One  of  the 
first  points  in  such  an  investigation  should  be  the  examination  of 
the  territory  near  the  river,  between  the  Montrose  dam  and  the 
next  dam  above,  with  a  view  to  obtaining  a  ground  water  supply. 

The  Board  has  now  before  it  an  application  from  the  Wakefield 
Water  Company,  asking  for  advice  with  regard  to  an  additional 
water  supply  for  the  towns  of  Wakefield  and  Stoneham,  to  be  taken 
from  filtering  galleries,  wells  or  basins,  upon  the  banks  of  that 
portion  of  the  Saugus  River  lying  within  the  limits  of  the  town  of 
Wakefield,  above  the  milldam  at  Montrose.  The  Board  is  aware 
of  the  fact  that  the  Wakefield  Water  Company  has  practically 
reached  the  limit  of  capacity  of  Crystal  Lake,  its  present  source  of 
supply,  and  that  the  other  source,  viz..  Lake  Quannapowitt,  from 
which  the  water  company  was  originally  authorized  to  take  a 
further  supply,  is  not  of  suitable  quality  for  water  supply  purposes. 
It  is  therefore  of  opinion  that  the  right  of  Lynn  to  take  water  from 
the  Saugus  River  valley  should  be  so  far  restricted  as  not  to  pre- 
vent  these  towns  from  receiving  from  it  as  much  water  as  may  be 
needed  for  their  supply,  in  addition  to  the  quantity  of  water  which 
Crystal  Lake  will  furnish. 

It  is  not  feasible  from  present  information  as  to  the  amount  of 
water  which  can  be  obtained  from  different  places,  to  make  a  fair 
apportionment  of  the  territory  between  Lynn  and  these  towns  ;  the 
Board  therefore  concludes  that  Lynn  should  be  granted  the  right 
to  take  water  from  any  portion  of  the  valley  of  Saugus  River,  not 
already  granted  by  the  Legislature  to  some  other  town  or  water 
company ;  but  that  this  grant  should  be  subject  to  the  restriction 
that  the  towns  of  Wakefield  or  Stoneham,  or  the  company  sup- 
plying them  with  water,  may  be  authorized  to  take  water  from  this 
valley  at  any  point  within  the  limits  of  the  town  of  Wakefield,  and 
to  the  extent  required  to  furnish  in  connection  with  Crystal  Lake, 
the  present  source  of  supply,  a  supply  of  water  for  these  towns. 
In  connection  with  this  restriction  it  would,  of  course,  be  fair  to 
provide  that  whenever  these  towns,  or  the  company  supplying  them 
with  water,  take  a  supply  from  any  source  in  the  Saugus  valley 
other  than  those  already  controlled  by  the  Wakefield  Water  Com- 
pany, they  should  be  required  to  pay  to  the  city  of  Lynn  a  fair 
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proportion  of  the  amount  already  paid  by  said  city  for  water  or 
land  damages,  and  if  they  should  utilize  to  any  extent  works 
previously  constructed  by  the  city,  they  should  pay  a  fair  propor- 
tion of  the  cost  of  these  works. 

The  Board  thinks  it  proper  that  a  further  application  should  be 
made  for  its  advice  when  you  can  define  more  specifically  the 
sources  from  which  it  is  proposed  to  take  water,  and  have  by 
preliminary  surveys  and  estimates  obtained  the  facts  which  are 
essential  as  a  basis  for  a  proper  decision  as  to  the  relative  merits 
of  different  sources.  With  this  further  application  in  yiew  the 
Board  will  co-operate  with  you  by  causing  analyses  to  be  made 
from  time  to  time  of  the  water  of  the  various  proposed  sources. 

Marlborough.  The  water  commissioners  of  Marlborough 
applied  to  the  Board,  April  28,  for  its  advice  relative  to  con- 
structing a  new  storage  resei-voir  upon  Millham  Brook  ia 
the  west  part  of  Marlborough,  near  the  Northborough  line,, 
and  as  to  the  probable  quality  of  the  water  of  such  pi*oposed 
reservoir  at  the  end  of  eight  years.  The  Board  replied  as. 
follows :  — 

Boston,  July  8, 1893. 

The  State  Board  of  Health  has  carefully  considered  your  appli* 
cation,  dated  April  28,  1893,  with  regard  to  constructing  at  once- 
the  proposed  storage  reservoir  on  Millham  Brook  in  the  vicinity  of 
your  new  pumping  station.  You  state  in  your  application  that  you 
will  not  need  the  proposed  reservoir  for  eight  years  or  so  and  that 
you  wish  for  the  advice  of  this  Board  as  to  the  probability  of  ob- 
taining good  water  from  this  proposed  reservoir  after  being  flowed 
fifteen  feet  deep  for  a  period  of  eight  years  without  removing  any 
of  the  soil. 

A  careful  examination  of  the  experience  with  all  artificial  reser- 
voirs  in  the  State  which  have  not  had  the  soil  removed  from  them 
and  which  in  other  respects  are  at  all  comparable  with  the  proposed 
Marlborough  reservoir  shows  that  in  some  of  these  reservoirs  the 
water  was  bad  every  summer,  not  only  for  eight  years  after  they 
were  first  filled  but  for  a  much  longer  time.  A  typical  instance  of 
a  reservoir  of  this  kind  is  the  Ludlow  reservoir  at  Springfield  which 
was  used  for  sixteen  years  and  then  practically  abandoned  for  a 
new  source  of  supply.  Other  reservoirs  somewhat  similar  in  char- 
acter, although  they  may  have  furnished  bad  water  when  first  filled^ 
soon  began  to  improve,  and  at  the  end  of  five,  eight  or  ten  years 
furnished  very  much  better  water  than  at  first.  The  chances  as  to 
whether  the  water  will  continue  to  be  bad  or  will  improve  mate- 
rially at  the  end  of  eight  years  seem  to  be  about  even. 
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The  experience  with  reservoirs  which  have  been  thoroughly 
cleaned  by  the  removal  of  all  soil  and  vegetable  matter  from  their 
bottom  and  sides,  althoogh  somewhat  limited,  has  been  extremely 
favorable,  and  from  our  present  knowledge  we  should  expect  much 
better  results  from  a  thoroughly  cleaned  reservoir  soon  after  it  is 
filled  than  from  an  uncleaned  reservoir  eight  years  after  filling. 

The  Board  recognizes  that  the  element  of  cost  is  an  important 
factor  in  determining  what  should  be  done,  and  as  the  Board  has 
no  accurate  information  upon  this  point  it  cannot  now  advise  defi- 
nitely as  to  what  should  be  done  in  the  matter  of  constructing  the 
reservoir.  It  would  advise,  however,  that  a  careful  estimate  of 
the  cost  of  thoroughly  cleaning  the  reservoir  should  be  made  and 
would  urge  the  adoption  of  this  method  of  construction  if  it  is 
found  to  be  practicable. 

Maiden,  Medford  and  Melrose.  For  many  years  these 
suburban  places  have  used  Spot  Pond  as  a  source  of  water 
supply,  but  owing  to  the  rapid  growth  of  these  communities 
the  pond  was  drawn  to  a  much  lower  level  at  the  end  of  1892 
than  ever  before.  The  city  of  Maiden  has  for  several  years 
taken  a  supplementary  supply  from  driven  wells  in  the  east- 
erly portion  of  the  city,  but  the  other  two  places  were  at  this 
time  wholly  dependent  upon  Spot  Pond  for  water.  On  Feb. 
9,  1893,  the  Board  addressed  the  following  conmiunication 
to  each  of  the  water  boards  of  Maiden,  Medford  and  Melrose, 
with  reference  to  the  present  condition  of  Spot  Pond,  and  its 
capacity  for  future  supply :  — 

Boston,  Feb.  9, 1898. 

The  State  Board  of  Health  has  on  several  occasions  since  the 
spring  of  1889  considered  applications  for  advice  with  regard  to 
additional  water  supplies  for  the  three  communities  now  using  the 
water  of  Spot  Pond,  and  in  considering  these  questions  the  en- 
gineers of  the  Board  have  given  much  attention  to  the  probable 
yield  and  capacity  of  this  source. 

Some  figures  with  regard  to  the  probable  condition  of  this  pond 
during  the  year  1893  have  been  made  in  connection  with  a  recent 
application  for  advice  from  the  city  of  Medford,  and  as  they  may 
be  of  interest  at  the  present  time  they  are  sent  to  each  of  you. 
The  data  used  are  the  area  of  the  watershed  as  determined  by  a 
reconnaissance  upon  the  ground,  sketching  the  watershed  upon  the 
Bew  State  map  and  measuring  from  it,  the  storage  capacity  of  the 
pond  as  determined  from  the  best  maps  now  in  existence ;  also 
the  records  of  the  yield  of  the  watershed  of  Sudbury  River,  which 
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has  been  carefully  measured  by  the  city  of  Boston  for  the  past 
eighteen  years. 

It  has  been  found  by  applying  these  data  for  many  years  in  the 
past  that  the  results  agree  well  with  the  known  facts,  and  they  may 
therefore  be  looked  upon  as  the  best  basis  at  present  available  for 
determining  what  may  be  expected  in  the  future. 

We  are  informed  that  the  pond  on  the  first  day  of  February  was 
143.5  inches  below  high  water  mark,  which,  by  the  tables  showing 
the  storage  capacity  of  the  pond,  would  indicate  a  draught  from 
high  water  mark  down  to  this  level  of  731,000,000  gallons. 

The  following  table  shows  for  purposes  of  comparison  the  stor- 
age in  the  pond  from  high  water  mark  down  to  the  present  and 
lower  levels. 


Distance  below  Ht^h  Water  Hark,  in  Feet. 


11  ft  llj  in., 
15  ft.,     . 
20  ft.,     . 
Bottom  of  pond, 


storage  in  Gallons. 


731,000,000 

837,000,000 

962,000,000 

1,077,000,000 


In  making  estimates  as  to  what  changes  may  be  expected  during 
the  remaining  months  of  1893,  the  average  consumption  is  assumed 
to  be  600,000  gallons  per  day  for  each  community,  making  a  total 
of  1,800,000  gallons  per  day.  It  is  found  convenient  to  divide 
this  period  into  two  parts,  including  in  the  first  one  the  months  of 
February,  March,  April  and  May,  daring  most  or  all  of  which  the 
pond  may  be  expected  to  rise,  and  in  the  second  the  remaining 
months,  when  under  ordinary  conditions  it  would  lower,  it  is  ob- 
vious that  it  is  impossible  to  predict  exactly  what  will  happen,  but 
it  is  fair  to  assume  that  the  amount  of  water  collected  will  not  be 
greater  than  the  maximum  amount  during  the  past  eighteen  years, 
nor  will  it  be  less  than  the  minimum  amount.  It  is  more  likely  to 
be  the  average  amount  than  any  other  quantity,  but  in  as  impor* 
tant  a  problem  as  the  water  supply  of  upwards  of  50,000  people, 
provision  should  be  made  to  avoid  a  water  famine  under  the  most 
unfavorable  conditions  which  can  exist. 

It  is  found  that  on  June  first  the  deficiency  of  storage  (meaning 
by  this  term  the  amount  of  water  that  would  be  required  to  fill  the 
pond  to  high  water  mark)  under  maximum,  average  and  minimum 
conditions  of  yield  from  February  1  to  June  1,  1893,  would  be  as 
follows :  — 
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CandUion  of  Spot  Fdnd  an  June  1, 1893, 

Deficiency  of  Stonqre. 

Maximiim  yield, 331,000,000  gallons. 

Average  yield, 490,000,000      «• 

Minimum  yield, 677,000,000       ** 

For  the  period  from  June  1,  1893,  to  Jan.  1,  1894,  it  is  obvious 
that  regardless  of  the  height  of  the  pond  on  June  1  the  amount  of 
water  going  into  the  pond  may  be  either  the  maximum,  average  or 
minimum,  and  the  following  tables  show  the  deficiency  in  storage^ 
on  Jan.  1,  1894,  under  all  of  these  conditions. 

(1)  Assuming  the  deficiency  in  storage  on  June  1  to  be  331,- 
000,000  gallons,  the  deficiency  on  Jan.  1,  1894,  will  be  as  fol- 
lows :  — 

Deficiency. 

Maximum  yield, 172,000,000  gallons. 

Average  yield, 635,000,000 

Minimum  yield, 692,000,000 


u 
cc 


(2)  Assuming  the  deficiency  in  storage  on  June  1  to  be  490,000,- 
000  gallons,  the  deficiency  on  Jan.  1,  1894,  will  be  as  follows :  — 

Deficiency. 

Maximum  yield, 319,000,000  gallons. 

Average  yield, 686,000,000      ** 

Minimum  yield, 841,000,000       ** 

(3)  Assuming  the  deficiency  in  storage  on  June  1  to  be  677,- 
000,000  gallons,  the  deficiency  on  Jan.  1,  1894,  will  be  as  fol- 
lows :  — 

Deficiency. 

Maximum  yield, 494,000,000  gallons. 

Average  yield, 863,000,000 

Minimum  }-ield, 1,018,000,000 


cc 
cc 


The  most  important  conclusions  to  be  drawn  from  the  tables  are,, 
first,  that  with  the  average  conditions  from  now  until  next  January 
the  pond  will  be  at  substantially  the  same  level  as  at  the  same  time 
this  year ;  second,  that  if  either  one  of  the  periods  into  which  the 
year  has  been  divided  furnishes  the  average  quantity  of  water  and 
the  other  furnishes  the  minimum  quantity,  the  water  in  the  pond 
will  be  reduced  to  the  15-foot  mark ;  and  lastly,  that  if  the  yield 
for  both  of  these  periods  should  be  a  minimum  the  pond  will  be 
drawn  practically  to  the  bottom. 

All  of  these  estimates  are  based  upon  an  average  draught' of 
1,800,000  gallons  daily  from  the  pond,  but  it  is  doubtful  if  the 
draught  can  be  kept  as  low  as  this  without  supplementary  supplies- 
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to  furnish  a  portioD  of  the  water  used.  It  is  probable  that  a  larger 
draught  than  the  amount  above  given  has  had  an  influence  in  lower- 
ing the  pond  during  the  past  year.  The  net  loss  of  storage  from 
the  pond  from  Feb.  1,  1892,  to  Feb.  1,  1893,  was  338,000,000  gal- 
Ions.  The  same  loss  in  the  next  twelve  months  would  take  all  of 
the  water  out  of  the  pond. 

Not  only  should  the  conditions  for  the  remainder  of  the  present 
year  be  considered  but  the  conditions  which  will  exist  subsequently 
until  the  time  when  a  permanent  supply  is  introduced  should  be 
considered,  and  it  is  therefore  of  the  utmost  importance  that  meas- 
ures should  be  taken  immediately,  by  providing  supplementary 
sources  or  by  making  arrangements  with  some  community  which 
has  water  to  spare,  to  get  as  much  water  into  the  pond  as  possible, 
or,  what  is  the  same  thing,  to  take  less  water  from  the  pond  so  as 
to  have  a  larger  supply  in  the  pond  to  provide  for  the  future  con- 
tingencies, such  as  a  rapidly  growing  population  and  supplementary 
supplies  which  may  become  unsuitable  for  domestic  use.  Every 
million  gallons  of  water  which  can  be  added  to  the  pond  has  a  dis- 
tinct value  to  the  three  communities  now  depending  upon  this 
source,  which  is  much  in  excess  of  the  mere  cost  of  pumping  the 
water,  and  it  would  be  a  benefit  to  all  of  the  communities  if  a  fixed 
price  were  made  per  million  gallons  of  water,  which  should  be 
charged  to  each  community  drawing  more  than  a  certain  defined 
quantity  and  credited  to  any  community  taking  from  the  pond  less 
than  this  amount.  This  would  offer  an  incentive  for  individual 
action  on  the  part  of  those  places  which  now  have  or  can  provide 
supplementary  sources  of  supply  and  would  not  be  unjust  to  any 
town  that  may  be  unable  to  obtain  a  supplementary  source,  as  this 
town  would  only  pay  to  the  others  what  it  would  save  in  the  cost 
of  constructing  and  maintaining  a  pumping  plant. 

Medford.  The  water  commissioners  of  Medford  applied 
to  the  Board,  Jan.  4,  1893,  for  its  advice  relative  to  taking 
an  additional  water  supply  from  wells  west  of  Forest  Street 
in  Medford.     The  Board  replied  as  follows :  — 

Boston,  Feb.  2,  1893. 

The  State  Board  of  Health  has  considered  your  application  in 
regard  to  an  additional  water  supply  to  be  taken  from  driven  wells 
in  the  flat  open  land  west  of  Forest  Street,  where  test  wells  have 
ali;pady  been  driven. 

The  Board  has  caused  analyses  to  be  made  of  samples  of  water 
taken  from  these  wells  and  finds  that  it  is  a  water  which  has  at 
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some  time  been  polluted,  but  which  has  been  very  thoroughly 
purified  by  its  passage  through  the  ground.  The  water  as  it  now 
comes  from  the  ground  would  be  entirely  satisfactory  to  the  con- 
sumers as  a  drinking  water,  but  it  is  much  harder  than  the  Spot 
Pond  water  and  therefore  would  not  be  as  good  for  washing  pur- 
poses and  for  use  in  boilers.  The  hardness  of  the  water,  however, 
is  not  as  great  as  that  of  several  water  supplies  which  are  now  in 
use  in  this  State,  and  if  the  quality  of  the  water  remains  as  at 
present  it  would  be  satisfactory  for  the  purposes  of  a  public  water 
supply.  The  situation  of  the  test  wells,  however,  is  such  that  it 
seems  probable  that  when  a  continuous  draft  is  made  upon  the 
ground  the  water  will  be  drawn  in  part  from  the  territory  south  of 
the  wells  where  there  is  a  large  population,  and  the  water  will 
become  harder  than  it  is  at  present,  and  it  may  be  less  perfectly 
purified ;  moreover,  even  if  a  large  tract  of  land  is  purchased  and 
controlled  by  the  city  for  the  protection  of  a  water  supply  at  this 
place  the  growth  of  the  city  will  undoubtedly  cause  a  material 
increase  of  i)opulation  upon  adjacent  land,  which  contributes  a 
portion  of  the  water  to  supply  the  wells,  and  the  character  of  the 
water  may  be  further  unfavorably  affected  in  this  way. 

The  Board  would  not  therefore  advise  the  construction  of  works 
for  taking  a  permanent  supply  from  this  place,  but  in  view  of  the 
necessity  for  supplementing  the  supply  from  Spot  Pond,  advises 
that  this  is  a  suitable  source  from  which  to  obtain  a  temporary 
supply.  The  quantity  of  water  to  be  obtained  from  this  source  is, 
with  the  present  information,  somewhat  indefinite.  It  seems  very 
doubtful  if  the  source  can  be  depended  upon  to  furnish  more  than 
from  250,000  to  400,000  gallons  per  day  continuously,  though  it  is 
not  impossible  that  during  the  wetter  portions  of  the  year  a  con- 
siderably larger  quantity  of  water  might  be  obtained. 

In  addition  to  the  driven  wells  there  is  another  source  from 
which  a  temporary  supply  might  be  obtained,  viz.,  the  stream 
which  flows  just  west  of  Forest  Street,  below  where  Elm  Street 
joins  it.  Above  this  point  there  are  very  few  houses  or  other  sources 
of  pollution  upon  the  watershed,  the  area  of  which  as  measured 
from  the  State  map  is  0.58  square  mile.  An  analysis  of  the  water 
recently  made  shows  that  it  is  at  the  present  time  of  suitable 
quality  for  water  supply  purposes,  except  that  before  being  pumped 
it  should  be  stored  in  a  reservoir  sufiUciently  large  to  permit  the 
floating  particles  which  are  almost  always  found  in  brook  waters 
to  settle.  During  several  months  of  an  ordinary  year  the  flow  of 
this  stream  should  be  as  high  as  600,000  gallons  per  day,  and  dur- 
ing two  months  or  more  of  such  a  year  it  should  range  from  one  to 
two  million  gallons  per  day.     This  source  has  the  advantage  that 
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it  is  very  near  the  main  pipe  which  leads  to  the  town,  and  the 
water  would  have  to  be  lifted  to  a  less  height  to  force  it  into  the 
main.  It  is  obvious,  however,  that  in  order  to  make  it  of  value  in 
the  present  emergency  the  works  should  be  constructed  at  once  so 
as  to  take  advantage  of  the  larger  amount  of  water  which  flows  in 
the  spring  of  the  year,  as  the  amount  of  water  to  be  obtained  from 
this  source  in  the  summer  would  be  comparatively  small.  The 
water  would  also  be  soft  and  suitable  for  laundry  and  boiler  pur- 
poses, though  not  as  palatable  as  that  taken  from  the  ground. 

The  choice  of  these  two  sources  or  whether  both  of  them  shall 
be  utilized  is  a  question  which  is  left  for  your  decision.  The 
Board,  however,  considers  it  imperative  that  a  supplementary  sup- 
ply or  supplies  should  be  provided  at  once  by  the  communities  using 
the  water  of  Spot  Pond  in  order  to  avoid  a  water  famine  during  the 
next  autumn  and  winter. 

The  results  of  certain  computations  with  regard  to  the  future 
<X)ndition  of  Spot  Pond  and  a  suggestion  as  to  measures  which 
Bhould  be  taken  to  prevent  the  supply  from  being  exhausted  are 
embodied  in  another  communication,  a  copy  of  which  will  be  sent 
to  you  and  to  the  water  boards  of  Maiden  and  Melrose.  (See 
pages  28-3 1 ,  preceding. ) 

Melrose.  The  committee  on  additional  water  supply  of 
Melrose  applied  to  the  State  Board  of  Health,  Dec.  5,  1892, 
for  its  advice  as  to  the  propriety  of  taking,  either  alone  or  in 
conjunction  with  Maiden  and  Medford,  the  waters  of  Great 
Pond,  in  North  Andover,  together  with  Mosquito  Brook  and 
Boston  Brook  in  the  same  town,  as  additional  sources  of  water 
supply.     The  Board  replied  to  this  application  as  follows :  — 

Boston,  Jan.  16, 1893. 

In  your  application  of  Dec.  5,  1892,  giving  notice  of  your 
intention  to  provide  an  additional  water  supply  for  the  town  of 
Melrose  and  asking  the  advice  of  the  Board  in  regard  thereto,  you 
make  the  following  statement :  **  The  plan  proposed  is,  alone  or 
in  conjunction  with  the  cities  of  Maiden  and  Medford  or  either  of 
them,  to  obtain  authority  from  the  Legislature  to  take  and  hold 
the  waters  of  Great  Pond  in  North  Andover,  and  to  acquire  by 
purchase  or  otherwise  the  waters  of  Mosquito  Brook  and  Boston 
Brook  in  said  town  of  North  Andover." 

The  State  Board  of  Health  has  up  to  the  present  time  received 
no  applications  relating  to  these  sources  from  the  cities  of  Maiden 
or  Medford  and  therefore  considers  only  the  first  alternative,  viz., 
a  supply  for  Melrose  alone. 
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Great  Pond  only  has  been  investigated  by  the  Board  up  to  the 
present  time,  and  it  is  found  from  this  investigation  and  analyses 
of  the  water  of  the  pond  that  the  water  is  of  satisfactory  quality 
for  all  the  purposes  of  a  public  water  supply  and  that  the  quantity 
of  water  which  the  pond  will  furnish  will  be  more  than  sufficient 
for  the  probable  population  of  Melrose  for  the  next  thirty  years. 

Owing  to  the  fact  that  the  pond  is  situated  wholly  within  the 
town  of  North  Andover  the  Board  is  of  opinion  that  this  town  has 
a  primary  right  to  so  much  of  the  water  of  the  pond  as  is  necessary 
to  supply  its  inhabitants  with  water. 

With  regard  to  the  appropriateness  of  this  source  for  a  water 
supply  for  the  town  of  Melrose,  the  Board  thinks  it  highly  prob- 
able ttiat  a  sufficient  supply  of  good  water  for  the  town  can  be 
obtained  at  a  less  distance  than  sixteen  miles  and  with  less  ex- 
pense ;  and  for  this  reason,  and  having  regard  for  the  interests  of 
other  communities  much  nearer  Great  Pond,  which  may  in  the 
future  need  its  waters  as  a  source  of  water  supply,  the  Board  ad- 
vises the  town  to  make  examinations  of  nearer  sources,  and  until 
such  examinations  are  made  is  unable  to  advise  that  this  is  the 
most  appropriate  source  of  supply  for  the  town  of  Melrose. 

The  Board  will  investigate  the  other  sources  mentioned  in  your 
application  and  advise  you  with  regard  to  them  as  soon  as  prac- 
ticable. 

On  February  3  the  Board  transmitted  the  following  further 
communication  upon  the  same  subject  to  the  committee  on 
additional  water  supply  of  Melrose  :  — 

Boston,  Feb.  3, 1893. 

The  State  Board  of  Health  in  its  communication  of  Jan.  16, 
1893,  to  your  committee,  relating  to  an  additional  supply  of  water 
for  your  town  from  Great  Pond  in  North  Andover,  stated  that 
further  advice  would  be  given  with  regard  to  the  other  sources 
mentioned  in  your  application,  viz.,  Mosquito  and  Boston  brooks. 

The  application  apparently  relates  to  so  much  of  these  brooks 
as  lies  within  the  limits  of  the  town  of  North  Andover.  The  areas 
of  the  watersheds  of  these  brooks  above  the  points  where  they 
cross  the  town  boundary,  as  measured  from  the  topographical  map 
of  the  State,  are  respectively  7.51  and  6.36  square  miles,  and  their 
distances  at  these  points  in  an  air  line  from  Melrose  are  14^  and 
12  J  miles.  These  watersheds  have  been  examined  upon  the  map 
above  mentioned,  and  upon  the  ground  by  one  of  the  engineers  of 
the  Board,  and  they  were  not  found  to  have  any  special  character- 
istics which  would  make  them  as  a  whole  particularly  appropriate 
as  sources  of  supply  for  Melrose  or  as  desirable  as  other  water- 
sheds nearer  the  town. 
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It  has  been  learned  from  statements  made  by  a  member  of  your 
committee  and  by  your  engineer,  that  it  is  proposed  to  utilize  only 
BO  much  of  the  upper  end  of  these  brooks  as  can  be  diverted  by 
gravity  through  a  ditch  or  canal  along  the  side  hill  into  Great  Pond. 
In  this  case  the  area  of  watershed  to  be  utilized  is,  according  to 
the  map  above  mentioned,  in  the  neighborhood  of  three  square  miles 
instead  of  the  total  of  about  fourteen  square  miles  above  the  town 
boundary.  The  three  square  miles  are  sparsely  populated  so  that 
there  is  little  danger  that  the  water  will  be  polluted,  but  there  are 
swampy  areas  which  give  the  water  of  the  larger  (Boston)  brook  a 
high  color  which  would  be  objectionable  if  the  water  was  to  be 
taken  directly  into  the  pipes.  If,  however,  this  water  is  diverted 
as  proposed  into  Great  Pond  its  color  will  nearly  disappear  by  long 
storage  and  by  mingling  with  the  nearly  colorless  water  naturally 
in  the  pond. 

The  Board  is  of  opinion  that  the  town  should  not  seek  to  acquire 
rights  to  the  whole  of  Mosquito  and  Boston  brooks  within  the 
town  of  North  Andover,  as  the  portions  not  available  for  diversion 
into  Great  Pond  may  be  needed  in  connection  with  water  supplies 
from  the  Ipswich  Valley  for  other  places  in  the  eastern  part  of  the 
State.  If,  however,  the  town  of  Melrose  should  be  granted  the 
right  to  take  the  waters  of  Great  Pond  it  is  appropriate  that  it 
should  also  be  granted  those  portions  of  Mosquito  and  Boston 
brooks  which  can  be  diverted  by  gravity  into  it. 

The  water  board  of  Melrose  applied  to  the  State  Board 
of  Health  May  16,  for  its  advice  as  to  taking  an  additional 
water  supply  from  wells  to  be  driven  in  the  meadow  upon 
the  north  side  of  Ell  Pond,  and  on  July  5,  the  committee 
on  additional  water  supply  applied  for  advice  with  reference 
to  taking  water  from  other  sources.  The  Board  replied 
to  these  appKcations  as  follows :  — 

Boston,  Aug.  10,  1893. 

The  State  Board  of  Health  received  from  the  Melrose  water 
board  on  May  16,  1893,  an  application  for  its  advice  relative  to  a 
proposed  additional  system  of  water  supply  to  be  taken  from  the 
ground  on  the  north  side  of  £11  Pond.  On  July  5  a  second  appli- 
cation was  received  from  the  committee  on  additional  water  supply 
for  advice  relative  to  taking  a  supply  from  Martin's  Meadows,  so- 
called,  from  Bennett's  Pond  or  Meadows  and  from  the  Wakefield 
Water  Company.  On  July  5  the  last  mentioned  application  was 
amended  by  adding  Long  Pond  and  its  immediate  vicinity  to  the 
sources  before  mentioned. 
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Before  consideriDg  these  sources  in  detail  it  will  be  well  to  refer 
in  a  general  way  to  the  capacity  of  your  present  source  of  supply, 
Spot  Fond,  and  to  the  needs  of  your  town. 

Spot  Pond  during  a  year  of  average  rainfall  will  supply  to^each  of 
the  communities  taking  water  from  it  about  630,000  gallons  of  water 
per  day ;  and,  during  a  series  of  dry  years,  such  as  have  occurred 
in  the  past,  will  furnish  about  500,000  gallons  per  day  to  each 
community  without  falling  to  a  lower  level  than  it  reached  in  Feb- 
ruary, 1898.  With  the  pond  at  its  present  low  level  it  cannot  be 
depended  upon  to  furnish  even  500,000  gallons  per  day  to  each 
community  if  the  next  two  or  three  years  should  be  unusually  dry. 
The  consumption  of  water  in  Melrose  by  the  meter  records  from 
September,  1892,  to  June,  1893,  inclusive,  averaged  565,000  gal- 
lons per  day,  which  is  65,000  gallons  in  excess  of  the  safe  capacity 
of  the  pond  for  a  series  of  dry  years,  even  assuming  it  to  have 
been  filled  in  the  spring,  and  still  more  in  excess  of  its  capacity  in 
its  present  low  condition.  It  is  obvious,  therefore,  that  to  meet 
even  the  requirements  of  the  present  and  the  very  near  future  it 
will  be  necessary  to  provide  an  additional  source  of  supply  or  to 
decrease  the  consumption  of  water. 

The  consumption  of  water  in  Melrose  at  the  present  time  is  about 
57  gallons  per  inhabitant,  which  is  more  than  the  amount  used  by 
most  towns  similarly  situated.  As  instances  of  low  consumption 
per  inhabitant  may  be  mentioned  :  Brockton,  25  gallons ;  Middle- 
borough,  26  gallons;  North  Attleborough,  26  gallons,  and  Fall 
River,  26  gallons.  On  the  other  hand,  Beverly  uses  70  gallons, 
Braintree  62  gallons,  and  Brookline  80  gallons.  During  the  pe- 
riod from  September,  1892,  to  June,  1893,  inclusive.  Maiden  used 
50  gallons  and  Medford  48  gallons  per  inhabitant. 

It  seems  highly  desirable  that  Melrose  should  take  energetic 
measures  to  restrict  waste,  but  in  view  of  the  fact  that  the  present 
demands  upon  Spot  Fond  so  largely  exceed  its  capacity,  and  hav- 
ing regard  to  the  present  low  state  of  the  pond  and  the  greater 
demand  for  water  from  year  to  year,  due  to  the  increasing  popu- 
lation, the  Board  is  of  opinion  that  a  further  supply  should  be 
obtained  without  delay. 

The  great  expense  to  which  Melrose  would  be  subjected  if  it 
should  attempt  to  obtain  by  itself  a  permanent  supply  of  water, 
which  can  only  be  had  from  a  comparatively  great  distance,  the 
fact  that  the  Legislature  has  already  directed  that  investigations 
be  made  with  a  view  to  obtaining  a  water  supply  for  Boston  and 
its  suburbs,  and  the  need  of  an  immediate  addition  to  the  present 
supply,  all  lead  to  the  conclusion  that  it  is  wise  to  obtain  at  a 
comparatively  small  cost  a  temporary  supply  which  will  meet  the 
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reqairements  for  the  next  five  or  six  years.  Should  any  of  the 
sources  mentioned  by  your  committee  be  adopted,  they  should  be 
considered  merely  as  temporary  sources  which  will  have  to  be 
abandoned  whenever  the  quality  of  the  water  becomes  impaired  by 
the  growth  of  population  upon  the  territory  from  which  the  supply 
is  derived  or  by  other  causes,  or  whenever  a  more  satisfactory  and 
permanent  water  supply  is  introduced. 

Of  the  sources  mentioned  by  the  committee  it  may  be  said  that 
the  water  of  Bennett's  Pond,  if  taken  directly  from  the  pond,  would 
not  be  of  suitable  quality  on  account  of  the  large  population  near 
the  upper  portion  of  the  brook  which  feeds  it.  With  regard  to  a 
ground  water  from  the  vicinity  of  Bennett's  Pond,  no  definite 
answer  can  be  given  because  no  investigations  of  the  ground  at 
this  place  have  been  made.  It  is  not  improbable  that  the  quality 
of  the  water  would  be  good,  but,  Judging  from  the  surface  indica- 
tions, this  source  could  hardly  be  expected  to  furnish  a  sufficient 
quantity  of  water  to  make  it  a  desirable  one  to  adopt  at  the  present 
time. 

Long  Pond  by  itself  would  not  furnish  a  suflScient  quantity  of 
water  to  warrant  taking  an  additional  supply  from  it,  and  if  a 
stream  which  fiows  near  its  westerly  end  should  be  diverted  into  it 
the  quality  of  the  water  would  not  be  satisfactory  if  taken  directly 
from  the  pond.  With  regard  to  obtaining  a  ground  water  supply 
in  this  vicinity  no  investigations  of  the  ground  have  been  made,  but, 
judging  from  surface  appearances,  the  conditions  are  even  less 
favorable  than  in  the  vicinity  of  Bennett's  Pond. 

The  Wakefield  Water  Company  now  takes  its  supply  from 
Crystal  Lake,  and  the  water  is  of  suitable  quality  for  the  purposes 
of  a  public  water  supply.  The  quantity  of  water  which  this  source 
will  furnish  in  a  series  of  dry  years  is  but  little,  if  any,  in  excess 
of  the  present  requirements  of  the  two  towns  now  supplied  by  the 
Wakefield  Water  Company,  and  the  only  water  which  this  company 
has  to  spare  is  the  excess,  during  years  of  average  or  high  rainfall, 
above  the  requirements  of  the  two  towns  now  supplied.  The 
Board,  therefore,  does  not  advise  the  town  of  Melrose  to  depend 
upon  the  Wakefield  Water  Company  for  its  additional  supply.  On 
the  other  hand,  it  is  extremely  important  as  a  precaution  against  a 
water  famine  in  the  next  few  years  that  Spot  Pond  should  be  tigain 
filled,  a  result  which  can  be  accomplished  if  each  of  the  communi- 
ties now  drawing  water  from  the  pond  should  obtain  the  greater 
part  of  its  supply  from  pome  other  source  or  sources ;  and  it  may 
therefore  be  desirable,  if  suitable  arrangements  can  be  made,  to 
have  the  Wakefield  Water  Company  supply  as  much  water  to  Mel- 
rose as  the  capacity  of  its  source  will  permit. 
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A  sample  of  water  collected  from  Whittier's  wells  in  Martin's 
Meadows,  so-called,  on  July  20  showed  that  the  water  obtained 
from  the  groand  at  this  place  was  of  satisfactory  quality  for  the 
purposes  of  a  public  water  supply,  and  from  an  examination  of 
the  premises  it  seems  probable  that  this  water  will  remain  of  suit- 
able quality  for  use,  at  least  until  there  is  a  further  increase  of 
population  in  this  vicinity.  The  quantity  of  water  which  this 
source  will  furnish  is  apparently  limited,  and  it  is  extremely 
doubtful  if  it  alone  will  furnish  a  sufficient  additional  water  sup- 
ply for  the  town.  Samples  were  also  received  from  wells  in  the 
meadow  above  the  one  already  mentioned,  but  the  water  from 
these  wells  was  not  of  satisfactory  quality  to  pump  directly  into 
the  pipes. 

The  territory  just  north  of  £11  Pond  has  been  tested  in  several 
places.  The  first  test  was  made  in  January,  1893,  by  pumping 
from  a  line  of  driven  wells  very  near  the  pond.  This  test  lasted 
for  fifteen  days  and  the  average  quantity  of  water  pumped  is  said 
to  have  been  about  461,000  gallons  per  day.  Three  samples  of 
water  from  these  wells  were  sent  to  this  Board  for  analysis.  One 
was  taken  at  the  beginning  of  the  test,  another  a  week  later,  and 
the  third  at  the  end  of  the  test.  All  of  these  samples  were  clear 
and  colorless  and  free  from  odor,  and,  although  they  all  showed, 
by  the  greater  amount  of  mineral  matter  and  hardness  than  the 
natural  waters  of  this  region,  the  effect  of  the  population  upon  the 
territory  from  which  the  supply  is  derived,  the  analyses  also  show 
that  the  water  had  been  very  thoroughly  purified  by  its  passage 
through  the  ground. 

Three  additional  samples  taken  from  this  vicinity  in  June  and 
July,  1893,  gave  results  which  confirmed  those  above  mentioned, 
the  analyses  showing  that  in  every  case  the  water  had  been  com- 
pletely purified,  chemically,  by  its  passage  through  the  ground. 
The  wells  from  which  two  of  these  last  mentioned  samples  were 
taken  were  175  feet  from  the  pond,  while  the  third  sample  was 
taken  from  one  of  the  line  of  wells  near  the  pond.  A  bacterial 
examination  of  a  sample  of  "v^ater  from  one  of  these  wells  showed 
that  the  water  was  of  good  quality,  bacterially. 

There  seems  to  be  no  doubt  that  the  quantity  of  water  which 
can  be  obtained  from  the  ground  in  this  vicinity  is  greater  than 
from  any  of  the  other  sources  mentioned,  and  the  principal  ques- 
tion which  arises  with  regard  to  this  source  is  as  to  whether  the 
water  will  remain  of  suitable  quality  for  use  after  long-continued 
pumping.  The  principal  source  of  danger  is  that  the  water  of  the 
pond,  which  is  highly  polluted,  will  find  its  way  through  the  ground 
to  the  wells  without  being  thoroughly  purified  by  filtration.     £x- 
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perience  has  shown  in  some  cases  that  water  may  filter  from  a  pond 
to  wells  or  to  a  filter-gallery  and  under  some  conditions  be  thor- 
oughly purified  by  its  passage  through  the  ground,  and  yet  under 
other  conditions  fail  to  be  purified.  It  is  impracticable  to  predict 
in  the  present  case  whether  the  water  drawn  from  the  ground  will 
deteriorate  in  quality  from  this  cause.  Taking  into  account,  how- 
ever, the  urgent  needs  of  your  town  and  the  difiSculty  of  obtaining 
a  sufiQcient  quantity  of  water  from  a  better  source,  the  Board  would 
advise  that  this  location  be  adopted  as  a  source  of  supply,  but  with 
the  understanding  that  the  works  are  to  be  of  a  temporary  char- 
acter and  that  the  water  is  to  be  analyzed  frequently  and  its  use 
discontinued  if  it  should  become  impure.  The  wells  should  be 
located  not  less  than  1 75  feet  from  the  pond  and  further  from  it 
if  practicable. 

On  Feb.  9,  1893,  the  Board  sent  a  communication  to  the  water 
boards  of  the  three  places  drawing  water  from  Spot  Pond  ;  and, 
after  giving  the  results  of  estimates  as  to  changes  in  the  level  of 
the  p>ond  which  would  be  likely  to  occur  under  varying  conditions 
of  rainfall,  the  Board  ended  its  communication  with  the  following 
statement,  to  which  it  would  again  call  attention  :  — 

It  is  of  the  utanost  importance  ...  to  get  as  much  water  into  Spot 
Pond  as  possible,  or,  what  is  the  same  thing,  to  take  less  water  from  the 
pond  so  as  to  have  a  larger  supply  in  the  pond  to  provide  for  future  con- 
tingencies, such  as  a  growing  population  and  suppleraentaiy  supplies 
which  may  become  unsuitable  for  domestic  use.  Every  million  of  gal- 
lons of  water  which  can  be  added  to  the  pond  has  a  distinct  value  to  the 
three  communities  now  depending  upon  this  source,  which  is  much  in 
excess  of  the  mere  cost  of  pumping  the  water,  and  it  would  be  a  benefit 
to  all  of  the  conununities  if  a  fixed  price  were  made  per  million  gallons 
of  water,  which  should  be  charged  to  each  community  drawing  more 
than  a  certain  defined  quantity  and  credited  to  any  community  taking 
from  the  pond  less  than  this  amount  This  would  offer  an  incentive  for 
individual  action  on  the  part  of  those  places  which  now  have  or  can  pro- 
vide supplementary  sources  of  supply,  and  would  not  be  unjust  to  any 
town  that  may  be  unable  to  obtain  a  supplementary  source,  as  this  town 
would  only  pay  to  the  others  what  it  would  save  in  the  cost  of  construct- 
ing and  maintaining  a  pumping  plant 

Mendon.  The  selectmen  of  Mendon  applied  to  the  Board, 
Dec.  27,  1893,  for  its  advice  relative  to  taking  the  water  of 
Mendon  Pond  as  a  public  water  supply.  The  Board  replied 
to  this  application  as  follows  :  — 

Boston,  Jan.  5, 1894. 

The  Board  has  already  considered  the  question  of  the  use  of  this 
pond  as  a  source  of  water  irapply^  in  response  to  an  application 
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made  by  the  town  of  Uxbridge  in  1892,  and  has  caused  analyses 
of  the  water  to  be  made  in  October,  1892,  and  every  month  from 
May  to  November,  1893.  During  all  of  this  time  the  water  has 
been  of  satisfactory  quality  for  all  the  purposes  of  a  public  water 
supply,  and  there  seems  to  be  no  reason  to  doubt  that  if  it  is  pro- 
tected from  pollution  it  will  continue  to  be  of  satisfactory  quality 
in  the  future. 

Owing  to  its  situation  near  the  village  of  Mendon  it  is  an  appro- 
priate source  from  which  to  take  a  supply  of  water  for  the  village 
and  any  part  of  the  town  to  which  it  may  be  desirable  to  extend 
the  pipes. 

The  amount  of  water  required  for  the  supply  of  Mendon  will  not 
be  large,  and  in  the  opinion  of  the  Board  the  use  of  the  pond  as  a 
source  of  water  supply  for  Mendon  should  not  prevent  its  use  as 
;a  source  of  water  supply  by  Uxbridge. 

Methuen.  The  water  commissioners  of  Methuen  applied 
to  tho  Board,  April  13,  1893,  for  advice  as  to  obtaining  a 
water  supply  for  the  town  from  driven  wells  near  Sargent's 
Brook  in  the  east  part  of  the  town.  The  Board  replied  as 
follows :  — 

Boston,  May  19, 1893. 

The  State  Board  of  Health  has  considered  your  application  of 
April  13,  1893,  relative  to  a  proposed  water  supply  for  the  town, 
to  be  taken  from  driven  wells  near  Sargent's  Brook,  and  has 
caused  examinations  of  the  premises  and  analyses  of  the  water  to 
be  made. 

The  analysis  of  a  sample  of  water  sent  in  from  one  of  the  flow- 
ing wells  showed  the  water  to  be  very  pure  and  soft,  and  in  all 
respects  an  excellent  water  for  the  purposes  of  a  public  water 
supply.  After  pumping  for  nearly  six  days,  however,  from  these 
wells  another  sample  was  collected,  and  the  character  of  the  water 
was  found  to  have  undergone  a  decided  change  and  to  be  much 
less  satisfactory.  Should  this  deterioration  continue  with  steady 
pumping,  as  has  been  the  case  in  some  other  places  in  the  State, 
the  water  would  become  objectionable. 

The  watershed  above  the  point  where  the  wells  are  located  was 
examined  and  its  area  determined  approximately  by  sketching  its 
outlines  upon  the  topographical  map  of  the  State,  and  subsequently 
measuring  it.  This  area  was  found  to  be  so  small  that  the  total 
amount  of  water  flowing  from  it,  through  the  brook  and  through 
the  ground,  in  a  dry  year  would  not  be  in  excess  of  the  require- 
ments of  a  water  supply  for  Methuen,  having  due  regard  to  future 
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needs.  It  was  obvious  from  an  examination  of  the  watershed  that 
much  of  the  water  would  flow  off  through  the  brook,  particularly 
in  the  spring  of  the  year,  so  that  the  supply  to  be  obtained  from 
the  ground  would  be  much  less  than  the  total  flow  from  the  water- 
shed, and  probably  not  enough  during  the  dryer  portions  of  a  dry 
year  to  supply  the  town  as  soon  as  water  is  generally  introduced. 

On  July  5  the  water  commissioners  of  Methuen  again 
applied  to  the  Board  for  its  advice  upon  the  question  of* 
taking  a  water  supply  for  the  town  from  wells  driven  near 
the  Spicket  River  at  the  junction  of  the  brook  leading  from 
Harris  Pond.  The  Board  replied  to  this  application  aa 
follows :  — 

Boston,  July  26, 1893. 
In  response  to  your  application  of  July  5,  1893,  with  regard  to* 
a  proposed  water  supply  for  the  town  of  Methuen,  to  be  taken  from 
driven  wells  located  near  the  Spicket  River  near  the  point  where 
it  is  joined  by  the  brook  leading  from  Harris  Pond,  the  Board  haa 
caused  an  examination  of  the  locality  and  an  analysis  of  a  sample 
of  water  sent  in  by  you  from  one  of  these  wells  to  be  made.    The 
analysis  showed  that  the  water  sent  in  was  of  excellent  quality  for 
the  purposes  of  a  public  water  supply.     Judging  from  the  tests 
made  under  your  direction,  and  from  an  examination  of  the  terri- 
tory in  the  vicinity  of  the  test  wells,  it  is  probable  that  a  sufficient, 
supply  for  the  town  for  at  least  a  few  years  may  be  obtained  from, 
the  ground  near  where  the  tests  have  been  made,  and  this  location 
has  the  great  advantage  that  it  is  well  situated  for  taking  a  supple- 
mentary supply  of  water  from  Harris  Pond  whenever  the  quantity 
of  water  which  can  be  obtained  from  the  ground  proves  insufficient.. 

Newburyport.  In  the  report  of  the  State  Board  of 
Health  to  the  Legislature,  dated  Jan.  10, 1893  (Senate  Docu* 
ment  4,  1893),  it  was  stated  that  the  water  of  the  Merrimack 
River  had  been  furnished  directly  to  the  citizens  of  Newbury- 
port by  the  Newburyport  Water  Company,  and  that  a  letter 
had  been  sent  to  the  Newburyport  Water  Company,  Novem- 
ber 3,  informing  them  that  the  water  of  the  Merrimack  River 
was  unfit  for  domestic  use,  and  advising  them  to  obtain  a. 
further  supply  of  pure  water  without  delay.  This  advice 
having  been  disregarded  by  the  company,  an  epidemic  of 
typhoid  fever  took  place  in  January  and  February,  1893,. 
among  the  citizens  of  Newburyport.     The  Board  then  ad- 
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dressed  the  following  communication  to  the  mayor  of  New- 
buryport :  — 

BosTOif,  March  3, 1893. 
To  the  Mayor  of  Newburyport, 

Dear  Sir  :  —  On  the  3d  of  November,  1892,  having  learned  that 
the  Newburyport  Water  Company  had  at  times  pumped  the  water 
of  the  Merrimack  River  and  distributed  it  to  the  citizens  of  New- 
buryport, the  State  Board  of  Health  addressed  the  following  letter 
to  the  company :  — 

The  Board,  as  a  result  of  extended  examinations  of  the  effect  of  using 
the  Merrimack  River  water  at  Lowell  and  Lawrence,  reached  the  con- 
clusion that  it  is  to  this  cause  that  the  excessive  mortality  from  typhoid 
fever  in  these  cities,  as  well  as  the  very  severe  epidemic  of  this  disease 
in  the  winter  of  1890-91,  may  he  ascribed.  The  condition  of  this  river 
at  Newburyport  is  worse  than  at  either  Lowell  or  Lawrence,  owing  to 
the  added  sewage  of  the  cities  of  Lawrence  and  Haverhill,  and  the  town, 
of  Amesbury. 

In  view  of  this  condition  of  affairs,  the  Board  is  of  opinion  that  the 
Newburyport  Water  Company  should  obtain  a  further  supply  of  pure 
water  without  delay,  so  that  there  will  be  no  further  occasion  for  pump- 
ing water  directly  from  the  river. 

In  the  Twenty-second  Annual  Report  of  this  Board,  page  527, 
it  was  shown  that  the  introduction  of  a  pure  water  supply  into 
Newburyport  in  1881  was  followed  by  a  reduction  in  the  death-rate 
from  typhoid  fever  of  more  than  one-half. 

It  now  appears  from  an  investigation  recently  made  by  thia 
Board  that  the  frequent  pumping  of  a  consjderable  quantity  of  the 
water  of  the  river  has  been  followed  very  closely  by  an  epidemic 
of  typhoid  fever  among  your  citizens.  This  epidemic,  in  the  opinion 
of  the  Board,  is  due  to  the  use  of  the  river  water,  following  an  in-^ 
creased  prevalence  at  places  higher  up  the  stream. 

These  results  emphasize  still  more  strongly  the  opinion  of  the 
Board  expressed  in  its  letter  of  November  last  to  the  Newburyport 
Water  Company,  relative  to  the  necessity  of  ''  obtaining  a  further 
supply  of  pure  water  without  delay,"  and  in  the  opinion  of  the 
Board  such  a  supply  cannot  be  obtained  by  developing  the  present 
spring-water  sources. 

The  mayor  of  Newburyport  applied  to  the  State  Board 
of  Health,  April  13,  1893,  for  advice  as  to  taking  the  water 
of  Artichoke  River,  in  that  city  and  the  town  of  West  New- 
bury, as  a  source  of  water  supply  for  the  city,  such  water  to 
be  purified  either  by  artificial  or  natural  filtration  through 
sand.     The  Board  replied  as  follows :  — 
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BosTOH,  April  24, 1893. 

An  examination  of  this  source  shows  that  by  the  construction  of 
a  storage  reservoir  as  proposed  it  can  be  made  to  furnish  a  suf- 
ficient quantity  of  water  for  the  city  of  Newburyport  for  a  long 
time  in  the  future.  With  regard  to  the  quality  of  the  water  the 
examinations  thus  far  made  show  it  to  be  a  water  of  fair  quality, 
but  it  would  not  probably  be  satisfactory  for  drinking  purposes 
without  filtration.  The  Board  is  of  opinion  that  it  will  be  feasible 
to  so  filter  this  water  that  in  connection  with  the  existing  works, 
or  independent  of  them,  an  ample  and  satisfactory  supply  for  the 
city  can  be  obtained. 

The  Board  makes  a  reply  at  this  time  instead  of  waiting  for  your 
further  surveys  and  investigations  because  it  understands  that  its 
advice  is  desired  now  in  connection  with  pending  legislation,  and 
will  advise  you  further  with  regard  to  the  filtration  of  the  water 
when  the  results  of  the  further  surveys  and  investigations  are  pre- 
sented. 

North  Andover.  The  committee  on  water  supply  of  the 
town  of  North  Andover  applied  to  the  Board,  Dec.  13,  1892, 
for  advice  relative  to  taking  the  water  of  Great  Pond  in  that 
town  for  a  public  water  supply.  The  Board  replied  to  this 
application  as  follows :  — 

Boston,  Jan.  16, 1892. 

The  State  Board  of  Health  has  considered  your  application 
dated  Dec.  14,  1892,  with  regard  to  a  proposed  water  supply  for 
the  town  of  North  AndSver,  to  be  taken  from  Great  Pond  within 
said  town. 

The  Board  has  caused  examinations  of  the  pond  and  analyses  of 
its  water  to  be  made,  and  finds  that  the  water  is  of  satisfactory 
quality  for  all  the  purposes  of  a  public  water  supply  and  that  the 
quantity  of  water  which  the  pond  will  furnish  is  many  times  in 
excess  of  the  quantity  which  will  be  required  for  the  supply  of  the 
town. 

The  Board  is  therefore  of  opinion  that  Great  Pond  in  North 
Andover  is  an  appropriate  source  from  which  to  take  a  water  sup- 
ply for  the  town. 

Peabody.  The  Water  Board  of  the  town  of  Peabody  sent 
the  following  communication  to  the  State  Board  of  Health, 
April  18,  1893,  relative  to  the  threatened  pollution  of  their 
water  supply  by  drainage  from  new  settlements  upon  the 
immediate  watersheds  of  the  two  ponds  used  as  water 
Bupplies :  — 
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Peabodt,  Mass.,  April  18,  1893. 
8taU  Board  of  Healthy  Boston^  Mass. 

Gentlemen  :  —  By  a  vote  of  the  water  board,  I  am  instructed 
to  respectfully  represent  to  you  a  matter  of  vital  importance  to- 
the  town  of  Peabody.  Parties  have  purchased  the  land  north  of 
Spring  and  Brown's  ponds,  the  water  supply  of  the  town,  and 
have  cut  it  up  into  house  lots,  and  as  the  land  on  both  places  slopes 
toward  the  ponds,  the  matter  of  polluting  the  water  in  the  ponds 
is  deemed  of  such  great  importance  to  the  town  that  the  Water 
Board  would  respectfully  request  that  a  member  of  the  State  Board 
of  Health  come  here  some  time  to  look  over  the  premises,  and  sug- 
gest some  remedy,  if  possible. 

Yours  respectfully, 

Henry  Baetje, 

Clerk,  Water  Board. 

In  compliance  with  this  request  of  the  water  board  of 
Peabody,  the  secifetary  of  the  State  Board  visited  the  sources^ 
of  water  supply  of  the  town,  in  company  with  the  water 
board,  and  afterward  addressed  a  letter  to  them,  by  instruc- 
tions of  the  State  Board  of  Health,  giving  such  information 
as  to  existing  statutes  as  would  be  serviceable  for  the  pro- 
tection of  their  water  supplies  from  pollution. 

RocKPORT.  An  application  was  received  from  H.  N» 
Woods  and  others,  and  the  selectmen  of  Rockport,  Jan.  4, 
1893,  asking  the  advice  of  the  Board  relative  to  the  taking 
of  a  public  water  supply  from  Cape  Pond,  or  Mill  Pond 
Brook  in  that  town,  and  in  the  event  of  these  sources  prov- 
ing unsuitable,  from  the  Gloucester  Water  Company.  The 
Board  replied  as  follows :  — 

Boston,  Feb.  18, 1893. 
An  application  with  regard  to  Cape  Pond  as  a  source  of  water 
supply  for  Rockport  was  made  to  the  Board  on  March  18,  1890, 
and  the  reply  of  the  Board  dated  March  26, 1890,  was  as  follows  :  — 

The  Board  has  caused  samples  of  water  to  be  taken  from  the  pond  and 
has  had  them  submitted  to  chemical  and  microscopical  examination. 
The  water  at  the  present  time  is  not  found  by  either  examination  to  be 
of  satisfactory  quality.  It  contained  an  unusually  large  number  of  or- 
ganisms, and  is  therefore  specially  liable  to  bad  tastes  and  odors,  such 
as  have  affected  many  water  supplies  in  the  State.  It  is  also  shown  by 
analysis  to  contain  a  large  amount  of  ammonia,  which  indicates  the 
presence  of  decaying  matter.    It  is  not  feasible  to  tell  whether  the  water 
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at  the  present  time  is  better  or  lYorse  than  at  other  seasons  of  the  year ; 
but,  as  a  rale,  the  quality  of  the  water  of  ponds  is  worse  in  the  summer. 
In  view  of  this  unsatisfactoiy  condition  of  the  water,  the  Board  cannot 
at  the  present  time  advise  that  this  pond  will  be  a  desirable  source  of 
supply  for  the  town  of  Rockport,  unless  the  water  supplied  is  first 
efiiciently  filtered.  If  it  should  be  found  by  subsequent  examinations 
that  the  water  of  this  pond  is  better  at  other  seasons  of  the  year  than  at 
the  present  time,  the  Board  might  have  occasion  to  modify  the  advice 
above  given. 

Since  the  above  date  four  samples  of  water  were  collected  from 
the  pond,  in  August  and  October,  1892,  which  showed  by  the 
chemical  examination  the  presence  of  more  organic  matter  than  is 
desirable  in  water,  and  by  the  microscopical  examination  the 
presence  of  a  large  variety  and  number  of  organisms.  On  the 
whole,  however,  these  samples  indicated  that  the  water  was  of 
better  quality  than  in  1890.  A  sample  collected  in  February,  1893, 
shows  still  less  organic  matter  and  fewer  organisms,  so  that  the 
water  as  represented  by  the  last  sample  may  be  considered  as  of 
satisfactory  quality  for  water  supply  purposes.  Notwithstanding 
these  changes  for  the  better  in  the  organic  matters  in  tHe  water, 
the  mineral  contents  show  that  there  is  an  increasing  pollution  of 
the  pond  by  the  waste  matters  which  come  from  the  glue  factory 
upon  the  watershed,  and  there  is  little  doubt  that  if  these  waste 
matters  continue  to  affect  the  pond  the  water  will  be  specially 
liable  to  bad  tastes  and  odors  caused  by  too  great  an  amount  of 
organic  matter  and  too  many  organisms  in  the  water,  whereas  if 
the  waste  matters  were  removed  from  the  watershed  so  that  they 
could  not  affect  the  pond  by  direct  flow  into  it,  or  by  filtration 
through  the  ground,  the  quality  of  the  water  would  probably  im- 
prove to  a  considerable  extent  in  two  or  three  years,  and  after  a 
longer  term  of  years  the  water  in  the  pond  would  resume  its  natural 
character. 

The  Board  is  therefore  of  opinion  that  this  pond  should  not  be 
used  for  water  supply  purposes  unless  the  pollution  of  its  water 
ceases,  but  that  if  the  pollution  is  stopped  the  water  will  become 
of  satisfactory  quality  for  the  supply  of  the  town. 

With  regard  to  the  quantity  of  water  which  this  pond  will  fur- 
nish, it  will  probably  supply  sufficient  water  for  the  present  popu- 
lation of  the  town  but  not  enough  to  provide  for  a  growth  of 
population,  and  in  designing  works  for  taking  a  supply  it  would  be 
well  to  take  into  account  the  need  of  an  additional  supply,  which 
can  probably  be  obtained  from  the  streams  which  come  from  a 
northerly  direction  into  the  brook  which  flows  from  Cape  Pond,  or 
possibly  from  wells  in  the  low  land  through  which  this  brook  flows. 
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Millpond  Brook,  so-called,  is  natarally  inferior  to  Cape  Pond  as 
a  source  of  water  supply  for  Rockport,  and  it  is  very  doubtful  if  it 
could  be  made  to  furnish  a  sufficient  quantity  of  water  for  even  the 
present  population. 

Salem.  The  water  conunissioners  of  Salem  applied  to 
the  State  Board  of  Health,  Feb.  17,  1893,  for  advice  relative 
to  increasing  the  present  water  supply  of  the  city  by  taking 
water  from  Beaver  and  Norwood's  ponds  and  Longham 
Meadow,  certain  regions  which  are  tributary  to  Miles  Kiver, 
and  conveying  the  same  by  a  canal  to  Wenham  Lake,  the 
present  source  of  supply.     The  Board  replied  as  follows :  — 

Boston,  April  4, 1893. 

Investigations  of  the  present  source  of  water  supply  for  Salem 
and  Beverly  (Wenham  Lake)  show  that  the  safe  capacity  of  this 
source  has  been  exceeded  to  a  considerable  extent,  and  that  a  new 
supply  should  be  provided  by  the  end  of  1893  if  not  before.  The 
most  economical  source  from  which  to  obtain  such  a  supply  is  that 
referred  to  in  the  application,  as  these  brooks,  at  the  point  where 
their  waters  can  be  diverted,  are  only  about  half  a  mile  from  Wen- 
ham Lake,  and  so  few  feet  below  its  level  that  the  water  can  be 
diverted  into  the  lake  without  pumping  by  raising  the  water  of  the 
br6oks  by  means  of  a  low  dam. 

Since  your  application  was  made  two  sets  of  analyses  of  water 
from  these  brooks  have  been  made.  The  first  one  was  made  on 
March  1st,  when  there  was  a  large  amount  of  snow  on  the  ground 
and  very  little  water  running  in  the  streams.  At  this  time  the 
water  was  very  dark-colored  and  had  a  disagreeable  odor  and  taste, 
so  that  it  would  be  wholly  unsatisfactory  as  a  source  of  water  sup- 
ply if  taken  directly  into  the  pipes.  The  next  sample  was  taken 
on  March  15th  when  a  large  part  of  the  snow  had  melted  and  a 
great  amount  of  water  was  flowing  in  the  streams.  The  water  of 
the  Longham  Meadow  Brook  at  this  time,  although  somewhat  tur- 
bid, owing  to  the  presence  of  earthy  matter,  had  only  one-third  as 
much  color  as  on  March  Ist  and  was  in  other  respects  a  much 
better  water.  The  water  of  the  brook  flowing  from  Norwood's 
Pond  also  showed  a  very  decided  improvement,  but  not  as  much  as 
in  the  other  case,  as  the  water  from  the  melting  snow  had  not  had 
time  to  crowd  out  all  the  water  previously  in  the  ponds  on  this 
stream. 

If  the  water  of  these  streams  was  turned  into  Wenham  Lake 
near  its  outlet,  as  is  now  proposed,  it  would  mingle  with  the  water 


48  STATE  BOARD  OF  HEALTH.     [Pab.  Doc. 

of  the  lake,  making  a  mixture  very  much  better  than  the  water 
coming  from  the  brooks,  and,  in  addition,  the  water  standing  for 
so  long  a  time  before  being  used  as  it  would  in  so  large  a  body  of 
water  as  Wenham  Lake  would  improve  to  a  very  considerable  ex- 
tent by  bleaching  and  sedimentation.  In  order,  however,  to  main- 
tain as  nearly  as  possible  the  present  standard  of  Wenham  Lake 
water,  it  is  highly  desirable  that  only  so  much  water  as  may  be 
necessary  should  be  turned  into  the  lake  from  these  brooks,  and 
that  it  should  be  turned  in  at  the  season  of  the  year  when  the  water 
in  the  brooks  is  in  its  best  condition. 

The  stream  at  the  proposed  point  of  diversion  is  as  before  indi- 
cated lower  than  the  lake  ;  and,  in  order  to  divert  the  water  into> 
the  lake  by  gravity,  it  is  necessary  to  raise  the  water  in  the  stream 
by  means  of  a  dam.  The  question  has  therefore  been  raised  as  to- 
whether  it  is  not  best  to  make  a  dam  high  enough  to  form  a  large 
reservoir  which  will  furnish  a  valuable  addition  to  the  present  stor- 
age capacity.  The  surveys  of  this  reservoir  have  not  yet  been 
completed  and  it  is  not  feasible  to  tell  from  observation  alone 
what  its  character  will  be.  It  seems  probable,  however,  that 
unless  a  very  large  amount  of  money  is  spent  in  its  preparation 
the  water  would  deteriorate  to  a  very  considerable  extent  by  stand- 
ing in  it  and  that,  at  the  present  time,  it  would  be  better  to  con- 
struct a  dam  having  only  sufficient  height  to  turn  the  water  into 
the  lake.  Even  a  low  dam  at  this  place  will  flow  the  water  back 
for  a  long  distance  up  the  valley  of  the  Longham  Meadow  Brook,, 
and  if  the  reservoir  is  to  be  kept  filled  at  all  seasons  of  the  year  it 
should  be  prepared  to  receive  this  water  by  the  removal  of  all  soil 
and  vegetable  matter  and  the  deepening  or  filling  of  the  shallower 
portions.  If,  however,  the  reservoir  should  be  filled  to  divert 
water  into  the  lake  only  in  the  winter  and  spring  it  is  not  improb- 
able that  satisfactory  results  may  be  obtained  by  a  less  expensive 
preparation. 

It  may  be  feasible  by  ditching  or  otherwise  draining  the  swampy 
lands  or  ponds  upon  the  watersheds  of  these  brooks  to  greatly 
improve  the  quality  of  the  water  flowing  in  them,  and  the  Board 
would  advise  that  this  question  of  the  improvement  of  these  sources 
should  be  investigated  and  that  any  act  authorizing  the  taking  of 
these  sources  should  contain  such  provisions  as  will  permit  this 
work  to  be  done. 

The  total  area  drained  by  these  streams  is  much  larger  than  that 
now  supplying  Wenham  Lake,  and,  in  connection  with  Wenham 
Lake  and  its  watershed,  should  furnish  a  supply  of  water  for  Salem 
and  Beverly  for  a  long  time  in  the  future  without  building  a  large 
storage  reservoir,  provided  the  water  is  economically  used. 


No.  34-]     ADVICE  TO  CITIES  AND  TOWNS.  49 

The  amount  of  water  now  consumed  by  Salem  and  Beverly,  as 
given  in  the  annual  reports  of  the  water  boards,  is  unusually  large 
for  such  communities,  and  the  Board  would  therefore  advise  that 
measures  should  be  taken  to  restrict  the  waste  of  water ;  not,  how- 
ever, with  the  expectation  that  the  need  of  an  additional  supply  can 
be  avoided,  but  rather  with  a  view  to  maintaining  as  nearly  as  pos- 
sible the  present  standard  of  quality  of  the  water  supply  by  adding 
to  it  as  little  water  from  the  new  sources  as  possible,  and  also  with 
a  view  to  making  the  proposed  addition  provide  for  as  far  in  the 
future  as  possible. 

Taking  everything  into  consideration  the  Board  is  of  opinion 
that  the  two  streams  mentioned  in  your  application,  including  with 
them  a  small  portion  of  the  main  stream  below  their  confluence, 
are  the  most  appropriate  sources  for  obtaining  an  additional  water 
supply  for  Salem  and  Beverly. 

The  Board  has  given  its  present  views  in  a  general  way  as  to  the 
best  method  of  obtaining  such  a  supply  from  these  sources,  but 
will  advise  you  more  in  detail  when  you  have  made  a  further  study 
of  the  subject  and  can  present  more  definite  plans. 

Saundebsyille.  The  treasurer  of  the  Saunders  Cotton 
Mills  in  GraftoDy  applied  to  the  Board,  October  18,  for  ad- 
vice as  to  supplying  the  mill  and  houses  in  its  neighborhood 
with  water  from  springs  upon  a  hill  near  the  village.  The 
Board  replied  as  follows :  — 

Boston,  Nov.  2,  1893. 

The  Board  has  caused  an  analysis  of  the  water  from  one  of 
these  springs,  and  an  examination  of  the  territory  from  which 
they  derive  their  supply,  to  be  made.  The  water  is  very  soft  and 
of  suitable  quality  for  all  the  purposes  of  a  water  supply,  and  the 
covering  which  you  propose  to  put  on  the  reservoir  will  tend  to 
preserve  the  good  quality  of  the  water  when  it  is  stored.  In  order 
to  maintain  the  purity  of  the  spring  water,  care  should  be  taken  to 
exclude  all  surface  water. 

Judging  from  the  quantity  of  water  discharging  from  the  springs 
at  the  time  the  examination  was  made  by  the  engineer  of  the  Board, 
and  from  statements  made  to  him  as  to  the  permanence  of  these 
springs,  it  seems  probable  that  they  will  furnish  enough  water  to 
make  them  a  valuable  source  of  supply  for  the  mill  and  the  houses 
in  its  vicinity. 

In  addition  to  the  sample  of  water  from  the  spring,  another 
sample,  taken  from  a  well  which  now  supplies  water  to  the  mill, 
was  analyzed.    This  analysis  shows  that  a  portion  of  the  water 
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coming  to  this  well  has  at  some  time  been  polluted  and  afterwards 
thoroughly  purified  by  its  passage  through  the  ground  to  the  well. 
While  there  is  no  reason  to  think  that  this  water,  in  its  present 
condition,  would  be  injurious  to  the  health  of  those  drinking  it, 
it  is  a  much  less  desirable  source  of  domestic  supply  than  the 
springs  on  the  hill. 

SciTUATE.  M.  R.  Simmons  and  others,  and  the  selectmen 
of  Scituate  applied  to  the  Board,  Dec.  10,  1892,  for  its 
advice  relative  to  taking  water  for  supplying  the  village  of 
Scituate  Harbor,  from  the  valley  of  Satuit  Brook  in  that  vil- 
lage.    The  Board  replied  as  follows :  — 

Boston,  Feb.  21, 1893. 

The  general  outlook  for  obtaining  a  sufficient  quantity  of  water 
for  present  and  future  requirements  from  the  ground  where  the  test 
wells  are  located  is  favorable  both  as  regards  the  area  and  topog- 
raphy of  the  watershed  from  Which  the  supply  would  come,  and 
because  the  test  wells  show  the  presence  of  a  layer  of  porous  sand 
from  which  water  can  be  drawn.  The  amount  of  water  to  be  ob- 
tained, however,  will  depend  upon  the  extent  of  this  porous  layer, 
and  the  freedom  with  which  water  can  be  pumped  from  it,  and  it 
will  be  advisable  to  make  some  further  tests  to  determine  these  feat- 
ures before  constructing  works. 

The  sample  of  water  collected  from  a  flowing  test  well  is  of  good 
quality,  and  it  seems  probable  that  the  quality  of  the  water  will 
remain  good  when  a  supply  is  pumped  from  the  ground.  In  some 
cases,  however,  the  quality  of  water  from  wells  in  a  meadow  dete- 
riorates when  pumped,  and  it  would  be  well  to  have  additional 
samples  analyzed  when  a  pumping  test  is  made. 

Sharon.  The  board  of  health  of  Sharon,  under  instruc- 
tions from  the  town,  requested  the  advice  of  the  State  Board 
of  Health,  Aug.  28,  1893,  with  reference  to  the  possible  pol- 
lution of  the  public  water  supply  of  the  town,  under  existing 
conditions,  and  as  to  the  best  practicable  method  of  assuring 
its  purity  in  the  future.     The  Board  replied  as  follows :  — 

Boston,  Oct.  6, 1893. 
When  any  part  of  the  territory  from  which  a  well  derives  its 
supply  is  populated  and  the  waste  waters  of  this  population  are 
discharged  into  the  ground,  these  waters  percolate  downwards  until 
they  reach  the  level  of  the  water  in  the  ground;  and  then,  mingling 
with  the  natural  ground  water,  filter  slowly  toward  the  well.    In 
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such  a  case  the  dissolved  mineral  matters  (for  instance,  common 
salt,  and  the  salts  of  lime  and  magnesia  which  make  water  hard) 
are  not  removed  by  the  filtration ;  but  the  organic  matters  may  be 
decomposed  and  wholly  transformed  into  harmless  mineral  matters 
by  filtering  through  the  ground  for  a  sufiScient  distance. 

The  State  Board  of  Health  has  caused  chemical  analyses  of  water 
from  the  well  of  the  Sharon  Water  Company  to  be  made  from  time 
to  time  since  June,  1887,  the  last  analysis  being  made  in  Septem- 
ber, 1893.  These  analyses  show  the  presence  in  the  water  of  some 
of  the  mineral  matters  due  to  the  population  upon  the  territory  from 
which  water  filters  toward  the  well,  and  the  water,  although  not 
hard,  is  harder  than  it  would  be  if  it  were  not  for  the  population 
upon  this  territory.  They  also  show  that  such  polluted  waters  as 
have  mingled  with  the  ground  water  have  been  very  thoroughly 
purified  at  all  times,  and  the  recent  analysis  fails  to  reveal  even  a 
trace  of  organic  matter.  It  may  therefore  be  said  that  the  water 
is  very  pure  at  the  present  time. 

There  is  scarcely  a  doubt  that  the  waste  waters  discharged  into 
the  ground  from  the  more  distant  points  will  continue  to  be 
thoroughly  purified  before  reaching  the  well,  and  the  effect  of  an 
increase  in  population  at  these  points  would  be  to  increase  the 
hardness  of  the  water  rather  than  to  render  it  injurious  to  health. 
There  is  a  greater  probability  that  the  water  may  at  some  time  be 
polluted  by  the  wastes  which  enter  the  ground  at  nearer  points,  say 
within  a  distance  of  from  600  to  800  feet  from  the  well ;  and  it  is 
highly  desirable  that  within  this  distance  this  method  of  disposing 
of  the  waste  matters  shall  cease. 

If  there  should  be  a  very  large  increase  of  population  upon  the 
more  distant  territory  which  contributes  water  to  the  well,  it  may 
be  necessary  at  some  time  in  the  future  to  provide  a  water-tight 
system  of  sewers  to  carry  off  the  liquid  wastes,  or  to  obtain  the 
water  supply  from  some  new  location. 

SouTHBRiDGE.  The  Southbrldge  Water  Supply  Company 
applied  to  the  Board  for  its  advice,  Sept.  5,  1893,  relative 
to  the  question  of  increasing  the  public  water  supply  by 
building  a  new  dam  about  one  mile  south  of  the  present 
upper  reservoir,  and  as  to  the  improvement  of  the  present 
supply  and  storage  capacity.  The  Board  replied  as  fol- 
lows :  — 

Boston,  Oct.  13,  1893. 
We  are  informed  by  your  engineer  that  this  new  reservoir  will 
have  sufficient  capacity  to  store  50,000,000  gallons;   but,  as  you 
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have  not  made  surveys  of  the  watershed,  to  determine  its  area,  it 
is  not  feasible  to  a'dvise  you  other  than  in  a  general  way  as  to  the 
quantity  of  water  which  this  source  will  furnish. 

It  is  also  the  case  that  when  this  source  was  inspected  by  an 
engineer  of  the  Board,  there  was  no  water  running  in  the  stream 
at  the  site  of  the  proposed  dam,  so  that  it  was  not  possible  to  get 
a  sample  of  water  for  analysis.  The  inspection  of  the  watershed 
by  this  engineer,  however,  indicated  that  the  water  flowing  from  it 
was  naturally  of  good  quality,  and  that  more  water  could  probably 
be  obtained  from  this  source  than  from  the  present  works. 

The  water  would  probably  deteriorate  somewhat  by  storage  in 
this  large  reservoir,  in  any  case  ;  but  much  more  if  the  reservoir 
is  Dot  cleaned,  than  if  it  is  thoroughly  cleaned  by  the  removal  of 
all  soil  and  vegetable  matter. 

In  answer  to  your  second  question  asking  the  advice  of  the 
Board  with  regard  to  the  improvement  of  the  present  supply,  it 
may  be  said  that  it  does  not  appear  feasible  to  increase  the  storage 
in  a  satisfactory  manner  nor  to  materially  increase  the  quantity  in 
any  other  way.  It  should  also  be  borne  in  mind  that  if  you  adopt 
the  new  source  and  construct  the  large  proposed  reservoir  upon  it, 
it  will  be  feasible  to  operate  the  two  systems  together  so  as  to 
utilize  some  of  the  water  which  now  flows  to  waste  over  the  lower 
dam  of  your  present  works  in  the  spring  of  the  year.  For  example, 
when  enough  additional  water  takers  have  been  connected  with  the 
works  to  use  all  of  the  water  which  the  present  and  proposed 
works  will  furnish  in  a  dry  time,  it  may  frequently  happen  that  the 
lower  reservoir  will  be  overflowing,  while  the  proposed  reser%'oir, 
owing  to  its  large  size,  will  not  be  full.  At  such  times  it  will  be 
feasible  to  supply  the  greater  part  of  the  town  from  the  old  source, 
thereby  permitting  less  of  the  water  to  flow  to  waste,  and  reserving 
the  water  of  the  proposed  reservoir  for  use  during  the  drier  portions 
of  the  year. 

With  regard  to  the  improvement  of  the  quality  of  the  present 
supply,  the  measures  suggested  are  the  removal  of  any  organic 
matter  which  may  be  in  the  reservoir,  and  the  ditching  of  any 
lands  of  a  swampy  nature  over  or  through  which  the  streams  flow 
to  the  reservoirs,  so  as  to  prevent,  as  far  as  possible,  the  water 
from  coming  into  contact  with  organic  matter  or  standing  upon  the 
surface  of  these  lands. 

It  is  improbable  that  your  present  and  proposed  works  together 
will  furnish  as  much  water  as  ought  to  be  provided  for  a  large  and 
growing  town  like  Southbridge,  and  the  Board  would  therefore 
advise  that  you  have  thorough  investigations  made  with  a  view  to 
determining  the  best  soorce  for  the  permanent  supply  of  the  town. 
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Should  yoa  find  a  source  which  will  furnish  an  adequate  supply  of 
good  water  it  would  probably  be  a  measure  of  true  economy  to 
adopt  it  at  once,  rather  than  to  spend  money  upon  a  source  which 
in  a  very  few  years  is  likely  to  prove  inadequate,  if  the  pipe  sys- 
tem of  the  town  should  be  extended  to  any  considerable  extent. 
Should  your  investigations  of  the  larger  sources  lead  yon  to  con- 
clude that  it  is  desirable  to  adopt  one  of  them,  the  Board  will  advise 
you  further  in  this  matter  when  you  shall  have  submitted  the  results 
of  your  investigations. 

The  Southbridge  Water  Supply  Company  submitted  a 
second  application,  Oct.  14, 1893,  stating  that  they  had  made 
the  investigations  ol  the  larger  sources  of  supply  suggested 
by  the  Board,  to  which  the  Board  replied  as  follows :  — 

Boston,  Dec.  8, 1893. 

The  State  Board  of  Health  received  fi*om  you  on  Oct.  16,  1893, 
a  second  application  with  regard  to  increasing  the  water  supply  of 
the  town  of  Southbridge,  and  at  a  subsequent  date  received  a  plan 
of  a  storage  reservoir  which  it  is  proposed  to  build  on  Hatchet 
Brook. 

The  Board  has  caused  an  examination  of  the  premises  by  one  of 
its  engineers,  and  analyses  of  the  water  from  Hatchet  Brook  at 
the  site  of  the  proposed  dam,  from  one  of  its  principal  tributaries 
and  from  Hatchet  Pond  to  be  made.  The  examination  and  anal- 
yses showed  the  water  to  be  free  from  pollution,  and  that  it  is  soft 
and  of  suitable  quality  for  all  the  purposes  of  a  public  water  sup- 
ply. In  order  to  maintain  the  purity  of  the  water  when  it  is 
stored,  the  reservoir  should  be  prepared  for  use  by  the  removal  of 
all  soil  and  vegetable  matter  from  its  bottom  and  sides. 

With  regard  to  the  quantity  of  water,  this  source  with  a  storage 
reservoir  constructed  in  accordance  with  the  plan  submitted  should 
furnish  in  the  driest  year  a  sufficient  quantity  of  water  for  a  popu- 
lation considerably  in  excess  of  the  present  population  of  South- 
bridge,  and  it  is  capable  of  still  further  development. 

The  Board  therefore  concludes  that  Hatchet  Brook  at  the  pro- 
posed point  of  taking  is  a  suitable  source  of  water  supply  for  the 
town  of  Southbridge. 

South  Deerfield.  The  South  Deerfield  Water  Company 
applied  to  the  Board,  Nov.  17,  1893,  for  its  advice  as  to  the 
propriety  of  taking  Clapp's  Trout  Brook  as  a  water  supply 
for  South  Deerfield.     The  Board  replied  as  follows  :  — 
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Boston,  Dec.  14,  1893. 

Clapp's  Trout  Brook  is  a  small  stream  which  flows  down  the 
easterly  slope  of  the  range  of  hills  situated  about  two  miles  west 
of  the  village  of  South  Deerfield.  North  and  south  from  this 
brook  there  are  two  much  larger  streams  which  flow  from  the  same 
range  of  hills,  namely,  Roaring  Brook,  in  the  town  of  Whately, 
and  Mill  River,  of  which  Clapp's  Trout  Brook  is  a  branch,  in  the 
town  of  Conway.  Examinations  of  all  of  these  sources,  by  an 
engineer  of  the  Board,  and  analyses  of  the  water  have  been  made. 
The  analyses  show  in  all  cases  a  water  of  excellent  quality,  slightly 
harder  than  most  of  the  drinking  waters  of  the  State,  but  yet  not 
hard  enough  to  be  objectionable  on  this  account.  There  was  little 
difference  in  the  hardness  of  the  samples  from  Clapp's  Trout 
Brook  and  Roaring  Brook,  though  the  latter  had  a  slight  advan- 
tage in  this  respect.  The  sample  of  water  from  Mill  River  was 
considerably  harder  than  either  of  the  others. 

The  quantity  of  water  which  Clapp's  Trout  Brook  will  furnish 
in  a  very  dry  year  cannot  be  accurately  estimated  from  the  infor- 
mation now  in  the  possession  of  the  Board.  It  is  obvious,  how- 
ever, from  an  examination  of  the  territory  and  of  the  State  map, 
that  the  area  drained  by  the  brook  is  quite  small,  and  it  is  doubt- 
ful if  this  source  will  furnish  enough  water  in  a  dry  year  to  supply 
the  village  of  South  Deerfield,  after  the  water  has  been  generally 
introduced. 

Roaring  Brook  will  certainly  furnish  all  the  water  required,  and 
Mill  River,  above  the  point  where  its  water  can  be  diverted  to  the 
village  by  gravity,  will  probably  furnish  a  sufficient  quantity  of 
water.  The  latter  source  has  the  objection,  however,  that  it  is 
much  further  from  the  village. 

With  its  present  information  the  Board  does  not  advise  the  adop- 
tion of  Clapp's  Trout  Brook  as  a  source  of  supply  for  the  village ; 
but  it  might  modify  its  views  if  surveys  should  show  that  the  water- 
shed has  a  larger  area  than  is  now  supposed,  or  should  show  that 
it  is  feasible  to  build  a  reservoir  or  reservoirs  upon  it,  in  which  to 
store  a  sufficient  amount  of  water  to  tide  over  dry  periods.  There 
seems  to  be  no  doubt  that  a  satisfactory  supply  of  water  can  be 
obtained  from  Roaring  Brook. 

The  Board  advises  you  to  have  further  investigations  made  to 
determine  whether  Clapp's  Trout  Brook  will  furnish  a  sufficient 
supply  of  water,  and,  if  it  will  not,  to  determine  whether  it  is  not 
feasible  to  obtain  a  supply  from  Roaring  Brook.  When  you  have 
further  information  to  present  the  Board  will  advise  you  further 
in  this  matter. 
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Stoughton.  The  water  commissioners  of  Stoughton 
sent  a  coimnunication  to  the  Board,  Sept.  7,  1893,  stating 
that  works  recently  completed  for  supplying  water  to  the 
town  had  proved  wholly  inadequate,  and  that  the  commis- 
sioners desired  the  advice  of  the  Board  relative  to  taking: 
some  new  source  or  devising  some  method  of  obtaining  a 
larger  supply  from  the  present  plant.  The  Board  replied  as 
follows :  — 

Boston,  Oct.  13, 1893. 

lo  April  of  last  year  the  Board  received  from  you  an  application 
for  its  advice  with  regard  to  a  new  water  supply  for  the  town  of 
StoughtOD,  in  which  you  designated  the  region  near  Knowles 
Brook  and  Muddy  Pond  for  the  consideration  of  the  Board.  In 
the  reply  to  this  application,  dated  May  5, 1892,  the  Board,  in  giv- 
ing the  relative  capacities  of  the  two  sources  mentioned,  estimated 
that  the  Muddy  Pond  source  would  furnish  a  supply  for  nearly  if 
not  quite  double  the  present  population  of  Stoughton,  but  qualified 
the  statement  by  saying  that  ^^  these  estimates  are  based  upon  the 
assumption  that  loose  gravelly  ground  can  be  found  in  both  of  these 
locations  to  a  depth  of  from  thirty  to  forty  feet,  and  may  require 
modification  if  examinations  of  the  ground,  which  should  be  made 
before  any  final  decision  is  reached,  show  that  this  is  not  the  case." 
The  reply  concluded  with  the  following  statement :  —  "  The  Board 
is  therefore  of  the  opinion  that  the  most  appropriate  source  from 
which  to  obtain  a  water  supply  for  Stoughton  is  the  ground  in  the 
vicinity  of  Muddy  Pond,  provided  further  examinations  show  that 
porous  material  at  this  place  is  of  sufficient  depth  and  extent." 

The  new  well  lias  been  located  one-quaiter  of  a  mile  or  more 
below  Muddy  Pond,  and,  owing  to  its  location,  the  slight  depth  to 
which  the  water  in  it  can  be  drawn  down  with  the  present  arrange- 
ments for  taking  water,  and  probably,  also,  to  the  somewhat 
impervious  nature  of  the  material  in  which  the  well  was  sunk,  the 
quantity  of  water  which  it  will  supply  is  small.  Under  the  present 
conditions  it  is  obviously  desirable  to  bring  additional  water  to  the 
works  already  constructed,  if  it  can  be  done  at  a  reasonable  cost, 
rather  than  to  make  any  radical  changes  in  the  works. 

Near  the  upper  end  of  Muddy  Pond,  as  you  well  know,  there 
are  many  large  springs  outcropping  at  the  base  of  the  high  land 
which  partially  surrounds  the  pond.  There  is  no  reason  to  doubt 
that  this  spring  water,  as  it  comes  from  the  ground,  is  of  excellent 
quality ;  and  if  a  sufficient  quantity  of  such  water  can  be  turned 
into  the  present  pump  well  it  would  furnish  a  most  excellent  water 
supply  for  the  town. 
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The  ontflow  from  Muddy  Pond  represents  quite  correctly  {he 
total  volume  of  water  furnished  by  the  springs  above  referred  to, 
and  by  such  other  springs  as  may  be  located  in  the  bottom  of  the 
pond  or  in  the  swamp  surrounding  it.  A  measurement  of  the  out- 
flow from  the  pond  made  on  April  26,  1892,  showed  the  volume  to 
be  1,410,000  gallons  per  twenty-four  hours,  and  another  measure- 
ment made  on  Sept.  11,  1893,  showed  that  the  flow  was  then  fully 
1,000,000  gallons  per  twenty-four  hours.  The  comparatively 
small  difference  between  the  measurement  made  in  the  spring  of 
the  year,  when  the  flow  would  naturally  be  greatest,  and  in  the 
autumn,  when  the  flow  would  naturally  l)e  low,  shows  that  the 
yield  of  these  springs  is  remarkably  constant. 

The  smaller  quantity  of  water  is  about  four  times  as  large  as  the 
average  daily  quantity  required  to  supply  the  present  population 
of  Stoughton.  It  would  not  be  fair,  however,  to  reckon  that  this 
source  would  supply  four  times  the  present  population  of  Stough- 
ton, because,  during  dryer  seasons,  the  springs  are  likely  to  be 
lower  than  at  the  present  time  ;  and  provision  is  also  to  be  made 
for  the  maximum  rate  of  consumption  in  summer,  rather  than  the 
average  rate  throughout  the  year.  There  now  appears  to  be  an 
abundant  supply  of  spring  water  for  a  much  larger  population 
thau  that  of  Stoughton  entering  the  pond  from  the  springs,  which 
can  be  conveyed  by  an  intercepting  pipe  to  the  present  works. 
The  Board  would  therefore  advise  tliat  provision  should  be  made 
for  intercepting  the  spring  water  which  now  finds  its  way  into  the 
pond  before  the  water  has  been  exposed  to  the  light  or  come  in 
contact  with  the  vegetable  matter  in  the  swamp  surrounding  the 
pond,  and  for  conveying  the  intercepted  water  to  the  present 
works. 

While  the  main  feature  of  works  for  carrying  out  the  advice  above 
given  is  a  pipe  tapping  the  springs  and  extending  from  them  to  the 
present  works,  there  are  many  precautions  which  should  be  taken 
to  insure  success.  The  attempt  should  be  made  to  collect  all  of 
the  spring  water  which  enters  the  pond,  and  for  this  reason  the 
intercepting  pipe  should  be  everywhere  at  a  lower  level  than  the 
water  in  the  pond.  In  order  to  intercept  the  water  of  the  springs, 
the  pipe  through  that  ix>rtion  of  its  length  where  the  springs  are 
located  should  be  laid  with  open  joints  and  surrounded  and  covered 
with  a  liberal  amount  of  screened  gravel.  Smaller  branch  pipes 
may  also  be  required  at  those  points  where  the  spring  water  out- 
crops in  the  greatest  quantity. 

The  pipe  laid  from  the  territory  where  the  water  would  be  col- 
lected to  the  present  works  should  be  of  large  size,  say  eighteen 
inches  in  diameter,  so  that  it  will  convey  the  water  to  the  vicinity  of 
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the  present  collecting  well  with  very  little  loss  of  pressure  due  to 
friction ;  and  this  pipe  should  communicate  with  the  12-inch  pipe 
leading  from  the  collecting  well  to  the  pump  well.  The  12-inch 
pipe  should  have  a  check  valve  on  it  above  the  point  where  the  new 
pipe  connects  with  it  to  prevent  the  water  from  backing  up  into 
the  collecting  well  and  being  lost  by  leakage  into  the  ground  about 
this  well.  It  will  also  be  necessary  to  make  the  joints  of  the  new 
pipe  water-tight  wherever  the  pressure  of  the  water  in  this  pipe 
will  cause  it  to  leak  out  through  the  joints. 

In  order  to  concentrate  the  flow  of  the  whole  twenty-four  hours 
BO  that  it  can  be  pumped  in  the  daytime  it  will  be  necessary  to  stop 
the  flow  of  water  from  the  pipe  at  night  and  permit  it  to  back  up 
in  the  gravel  surrounding  and  in  the  vicinity  of  the  open-jointed 
pipe. 

The  Board  would  urge  upon  you  the  advisability  of  having  this 
new  work  done  in  a  liberal  and  thorough  manner  so  as  to  insure 
the  collection  of  all  of  the  spring  water  without  deterioration  of 
-quality.  The  total  cost  of  doing  this  work  thoroughly  would  be 
but  a  very  small  percentage  of  the  whole  cost  of  the  system  of 
water  supply  for  the  town,  and  yet  it  represents  the  most  impor- 
tant part  of  the  whole  work,  namely  the  collection  of  an  ample 
supply  of  excellent  water. 

UxBBiDGE.  The  committee  on  additional  water  supply 
for  the  town  of  Uxbridge  applied  to  the  Board,  March  18, 
1893,  for  its  advice  as  to  the  comparative  merits  of  Seagrave 
Brook  and  Cold  Spring  Brook  in  Uxbridge,  and  of  Mendon 
Pond  in  Mendon,  as  sources  of  water  supply  for  Uxbridge. 
The  Board  replied  as  follows :  — 

Boston,  April  4, 1893. 

The  Seagrave  Brook  drains  so  small  a  territory  that,  even  if 
extensive  storage  reservoirs  should  be  constructed  upon  it,  it  would 
not  probably  furnish  a  sufficient  supply  for  even  the  present  popu- 
lation of  Uxbridge  after  water  was  generally  introduced  in  all  of 
the  villages  ;  and  this  source  has  no  advantage  in  regard  either  to 
the  quality  of  the  water  or  to  economy  of  construction  which  should 
lead  to  its  introduction  as  a  temporary  source  of  supply. 

Cold  Spring  Brook,  at  the  proposed  point  of  taking  at  the  old 
sawmill  site,  below  the  Douglas  Road,  drains  so  large  a  territory 
that  its  natural  flow,  supplemented  by  a  comparatively  small 
amount  of  storage  to  tide  over  the  dryer  portions  of  the  year, 
would  be  sufficient  to  supply  Uxbridge  with  water  for  many  years ; 
and  should  the  supply  at  any  time  prove  insufficient,  the  capacity 
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of  the  source  may  be  iDcreased  by  providing  additional  storage 
capacity.  A  sample  of  water  was  collected  from  the  brook  near 
the  proposed  point  of  taking  on  March  25, 1893,  which  showed  the 
water  to  be  a  fairly  satisfactory  one  for  water  supply  purposes* 
The  sample  was  collected,  however,  at  a  time  when  the  Btream» 
were  swollen  by  the  water  from  melting  snow,  and  the  analysis 
may,  therefore,  differ  considerably  from  the  analysis  of  the  water  at 
other  seasons  of  the  year. 

The  principal  objection  to  this  source  is  its  low  level,  which 
makes  it  necessary  to  pump  the  water  and  consequently  increases 
both  the  first  cost  of  the  works  and  the  annual  cost  of  maintenance* 
When  compared  with  Mendon  Pond  it  seems  probable  that  the  first 
cost  of  works  from  Cold  Spring  Brook  will  be  as  large  on  account 
of  the  cost  of  a  pumping  station,  offsetting  the  additional  length  of 
pipe  required  to  take  water  from  Mendon  Pond ;  and  Cold  Spring 
Brook  has  the  disadvantage  of  the  continued  expense  of  maintain- 
ing a  pumping  station,  while  the  water  will  flow  from  Mendon  Pond 
by  gravity. 

It  was  not  feasible  at  the  time  this  examination  was  made  to 
obtain  a  representative  sample  of  water  from  Mendon  Pond,  as  the 
ice  was  not  strong  enough  to  bear  the  weight  of  a  person,  and  the 
water  near  the  edges  was  affected  by  the  water  entering  the  pond 
from  the  melting  snow. 

To  sum  up  the  comparative  merits  of  the  different  sources,  the 
Board  is  of  opinion  that  the  Seagrave  Brook  source  has  no  advan- 
tage either  in  regard  to  quantity,  quality  or  cost.  A  final  opinion 
in  regard  to  the  relative  merits  of  Cold  Spring  Brook  and  Mendon 
Pond  in  regard  to  the  quality  of*  the  water  cannot  be  given  at  the 
present  time  on  account  of  the  fact  that  the  few  examinations  made 
may  not  be  representative  of  the  quality  of  the  water  at  all  seasons 
of  the  year,  but  it  seems  probable  that  Mendon  Pond  can  be  made 
to  furnish  the  better  water.  The  cost  of  a  water  supply  from 
Mendon  Pond  will  be  very  much  less  than  from  Cold  Spring  Brook 
when  the  cost  of  maintaining  a  ppmping  station  is  taken  into 
account. 

Wakefield.  The  Wakefield  Water  Company  requested 
the  advice  of  the  Board,  Feb.  23, 1893,  relative  to  introducing 
**  an  additional  water  supply"  for  Wakefield  and  Stoneham, 
from  **  filtering  galleries,  wells,  or  basins  upon  the  banks  of 
that  portion  of  the  Saugus  River  lying  within  the  limits  of  the 
town  of  Wakefield,  and  above  the  milldam  near  the  Mont- 
rose station  of  the  Salem  branch  of  the  Boston  &  Maine 
Kailroad,"     The  Board  replied  as  follows :  — 
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Boston,  April  14, 1893. 

From  sach  data  as  are  now  available  the  Board  believes  that  the 
capacity  of  the  present  source  (Crystal  Lake)  in  a  series  of  dry 
years  has  been  practically  reached,  so  that  there  is  need  of  an  addi- 
tional water  sapply  for  these  towns.  It  has  already  expressed  and 
still  holds  the  opinion  that  the  water  of  Quannapowitt  Lake,  one 
of  the  sources  named  in  your  original  act  of  incorporation,  is  now 
unfit  for  the  purposes  of  a  domestic  water  supply.  This  opinion 
as  to  the  quality  of  Quannapowitt  Lake  water  applies  to  taking 
water  directly  from  the  lake,  but  if  the  water  was  taken  after  it 
had  been  thoroughly  purified  by  filtering  for  a  long  distance 
through  the  ground  or  by  any  other  thorough  method  of  filtration 
it  might  be  used.  It  seems  probable,  however,  that  the  most  sat* 
isfactory  additional  supply  for  the  towns  of  Wakefield  and  Stone- 
ham  can  be  obtained  by  taking  water  from  the  ground  at  some 
point  above  the  dam  at  Montrose,  as  indicated  in  your  application. 

In  the  absence  of  any  investigations  to  determine  either  the 
qaality  or  quantity  of  water  which  may  be  obtained  from  different 
portions  of  this  territory,  it  is  not  feasible  to  give  any  specific  ad- 
vice in  these  respects  at  the  present  time. 

The  city  of  Lynn,  which  now  takes  its  supply  from  sources  within 
the  Saugus  valley,  is  in  urgent  need  of  an  additional  supply  of 
water  and  desires  to  take  it  from  this  valley,  and  the  valley  is  also 
nearer  other  communities  in  need  of  additional  water  supplies  than 
any  other  large  sources  not  now  in  use  or  so  much  polluted  as  to 
be  unfit  for  water  supply  purposes.  While,  therefore,  the  Board 
believes  that  the  towns  of  Wakefield  and  Stoneham  should  have 
the  first  right  to  a  water  supply  from  the  portion  of  the  valley 
within  the  limits  of  the  town  of  Wakefield  it  does  not  believe  that 
they  should  control  more  territory  than  is  necessary  for  this  purpose. 

In  view  of  the  impracticability  of  making  any  fair  apportion- 
ment of  territory  at  the  present  time,  the  Board  in  its  reply  to  the 
application  of  the  city  of  Lynn  relative  to  an  additional  water 
supply,  concluded  that  Lynn  should  be  granted  the  right  to  take 
water  from  any  portion  of  the  valley  of  the  Saugus  River  not 
already  granted  by  the  Legislature  to  some  other  town  or  water 
company,  but  that  this  grant  should  be  subject  to  the  restriction 
that  the  towns  of  Wakefield  or  Stoneham,  or  the  company  supply- 
ing them  with  water,  may  be  authorized  to  take  water  from  this 
valley  at  any  point  within  the  limits  of  the  town  of  Wakefield,  and 
to  the  extent  required  to  furnish  in  connection  with  Crystal  Lake, 
the  present  source  of  supply,  a  supply  of  water  for  these  towns ; 
provisions  to  be  made  in  connection  with  any  grant  of  this  charac- 
ter, however,  that  whenever  these  towns,  or  the  company  supplying 
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them  with  water,  should  take  a  supply  from  any  source  in  the 
Saugus  valley  other  than  those  already  controlled  by  the  Wakefield 
Water  Company  they  should  be  required  to  pay  to  the  city  of  Lynn 
a  fair  proportion  of  the  amount  already  paid  by  said  city  for  water 
or  land  damages,  and  if  they  should  utilize  to  any  extent  works 
previously  constructed  by  the  city  they  should  pay  a  fair  proportion 
of  the  cost  of  these  works. 

The  Board  advises  your  company  to  make  investigations  with 
reference  to  obtaining  a  further  supply  of  water  from  the  ground 
in  the  Saugus  valley,  in  the  territory  referred  to  in  your  applica- 
tion, and  will  advise  you  further  when  the  results  of  such  investi- 
gations are  presented.  The  greatest  care  should  be  exercised  to 
prevent  the  pollution  of  your  present  source  of  supply  by  the 
increasing  population  on  its  watershed. 

Walpole.  The  committee  on  water  supply  of  Walpole 
applied  to  the  State  Board  of  Health  March  9,  1893,  for  its 
advice  relative  to  a  public  water  supply  for  the  town,  to  be 
taken  from  the  ground  in  the  valleys  of  Mill  Brook  and 
Traphole  Brook  in  East  Walpole,  tributaries  of  the  Nepon- 
set  River.     The  Board  replied  as  follows :  — 

BosTOir,  April  10,  1893. 

In  accordance  with  your  request  for  an  early  reply  to  your  appli- 
cation relative  to  a  water  supply  for  the  town  of  Walpole,  the 
State  Board  of  Health  has  caused  a  preliminary  examination  to  be 
made,  and  finds  that  the  local  conditions  favor  the  plan  of  taking 
a  supply  from  the  ground  within  the  limits  of  the  town,  as  sug- 
gested in  your  application  to  the  Board.  As  it  is  stated  in  your 
application  that  the  different  sources  within  the  town  are  to  be 
fully  investigated,  the  Board  will  make  a  further  reply  regarding 
the  merits  of  these  sources  after  the  results  of  the  investigations 
have  been  received. 

After  considering  the  needs  and  interests  of  other  towns  in  the 
Ticinity  of  Walpole  the  Board  finds  no  reason  to  doubt  that  Wal- 
pole should  at  the  present  time  have  the  nght  to  any  source  within 
its  limits.  There  is  one  source,  however,  viz.,  Traphole  Brook,  in 
the  easterly  part  of  Walpole,  which  subsequently  flows  through  the 
southerly  corner  of  Norwood  and  then  forms  the  northerly  boun- 
dary of  the  town  of  Sharon,  which  may  in  the  future  be  of  value 
to  some  other  community  as  a  source  of  additional  water  supply ; 
and  if  it  should  be  found  that  this  source  is  not  the  best  one  for 
Walpole  and  works  should  be  built  to  take  a  supply  from  another 
source,  the  Board  is  of  opinion  that  any  rights  which  are  now 
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granted  Walpole  to  take  a  supply  from  this  source  should  cease. 
This  could  be  accomplished  by  including  in  an  act  giving  Walpole 
the  right  to  taice  water  from  any  source  within  its  limits  a  provi- 
sion that  the  right  of  the  town  of  Walpole  to  take  water  from  Trap- 
bole  Brook  shall  become  void  when  the  town  shall  have  selected 
some  other  source  of  water  supply  and  introduced  water  therefrom. 

The  results  of  the  investigations  referred  to  in  the  fore- 
going letter  of  advico  having  been  submitted,  the  Board  made 
a  further  reply  as  follows :  — 

Boston,  Jane  5, 1893. 

The  investigations  made  near  the  Neponset  River,  not  very  far 
above  the  Blackburn  water  privilege  and  just  below  Low  Brook, 
showed  very  satisfactory  results  as  regards  the  porosity  of  the 
material,  the  freedom  with  which  water  could  be  pumped  from  the 
test  wells  and  the  quality  of  the  water.  Taking  these  results  in 
connection  with  an  examination  of  the  surrounding  territory  and 
the  size  of  the  streams,  the  Board  finds  no  reason  to  doubt  that  an 
ample  supply  of  excellent  water  can  be  obtained  from  a  well  or 
wells  located  in  the  porous  material  in  this  vicinity. 

Waltham.  The  water  commissioners  of  Waltham  applied 
to  the  State  Board  of  Health  July  31,  1893,  asking  for  a  re- 
examination of  the]r  sources  of  water  sapply,  and  for  the 
advico  of  the  Board  as  to  the  measures  requisite  to  improve 
the  quality  of  the  water  supplied  to  the  city,  and  to  prevent 
the  recurrence  of  the  offensive  tastes  and  odors  which  were 
liable  to  affect  it.     The  Board  replied  as  follows :  — 

BotToir,  Dec.  22,  1893. 

An  examination  of  your  collecting  well  and  distributing  reservoir 
was  made  promptly  by  one  of  the  engineers  of  the  Board,  and 
samples  of  water  were  taken  for  analysis,  which  showed  that  the 
conditions  were  on  the  whole  substantially  the  same  as  they  were 
on  Oct.  3,  1892,  when  the  Board  replied  to  a  similar  application 
made  by  you,  and  advised  protecting  the  water  from  the  light  both 
at  the  well  and  at  the  distributing  reservoir.  The  results  of  these 
analyses  were  sent  you ;  and,  as  you  then  decided  to  proceed  at 
once  with  the  covering  of  the  well,  it  was  thought  best  to  defer 
making  the  formal  reply  until  it  was  feasible  to  include  in  it  the 
results  of  further  investigations,  to  ascertain  the  character  of  the 
water  entering  the  well  at  different  points  and  the  effect  of  covering 
the  well. 
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An  examiDEtion  was  made  to  ascertain  the  temperature  of  the 
water  entering  the  well  at  the  bottom,  at  different  points  around  its 
circumference,  and  it  was  found  from  thirteen  ob8er\'^ation8,  made  on 
Sept.  9,  1893,  that  the  average  temperature  of  the  water  entering 
the  well  was  55.7  degrees,  while  at  the  same  time  the  temperature 
of  the  river  water  was  68  degrees.  These  results  indicated  that  no 
large  proportion  of  the  water  filtered  from  the  river  by  any  very 
direct  course,  but  there  was  a  slight  difference  (3.4  degrees)  in  the 
temperature  of  the  water  at  different  points,  which  indicated  that 
there  might  be  a  difference  in  the  source  and  quality  of  the  water 
entering  different  parts  of  the  well.  An  attempt  was  therefore 
made  to  obtain  samples  of  water  entering  the  well  at  different 
points  at  the  bottom,  before  it  had  mingled  with  the  water  already 
in  the  well,  but  it  was  not  found  feasible  to  do  this. 

Since  the  well  has  been  covered  two  samples  of  water  have  been 
received  from  it,  one  collected  November  14,  and  the  other  Dec. 
12,  1893.  These  samples  are  entirely  free  from  the  microscopical 
organisms  which  were  always  found  in  the  well  before  it  was 
•covered,  and  are  clear,  colorless  and  free  from  odor. 

It  is  now  feasible  for  the  first  time  to  ascertain  the  true  chemical 
character  of  the  water  which  enters  the  well,  because,  before  it  was 
oovered,  its  character  changed  so  rapidly,  owing  to  the  vegetable 
growths  in  the  water,  as  to  materially  affect  the  results.  There  is 
nothing  in  the  present  analysis  of  the  water  to  indicate  that  it  is  at 
the  present  time  other  than  an  excellent  water  for  the  purposes  of 
a  public  water  supply.  The  free  ammonia,  however,  is  somewhat 
higher  than  it  would  be  in  a  water  which  had  received  the  highest 
degree  of  purification  by  filtering  through  the  ground,  and  it  will 
be  of  interest  to  observe  subsequent  analyses  of  the  water  to  see 
whether  this  constituent  increases  or  diminishes. 

With  regard  to  the  samples  from  the  distributing  reservoir  it  may 
be  said  that  they  show  that  the  water  in  the  reservoir  is  in  substan- 
tially the  same  condition  as  in  the  past,  and  that  it  contains  an 
abundant  growth  of  the  minute  vegetable  forms  which  give  the 
water  an  unpleasant  taste  and  odor. 

The  Board  would  therefore  repeat  its  advice  of  last  year,  that  by 
covering  your  present  reservoir  or  building  a  new  covered  reservoir, 
as  may  be  found  best,  you  provide  for  conveying  the  water  from 
the  source  to  the  water  consumers  without  permitting  it  to  be  ex- 
posed to  the  light  at  any  place. 

Websteh.  The  water  commissioners  of  Webster  applied 
to  the  Board,  June  23,  1893,  for  its  advice  relative  to  taking 
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a  sapply  of  water  from  the  ground  near  Lake  Chaubuna- 
gangamaog.     The  Board  replied  as  follows :  — 

Boston,  Oct.  6,  1893. 

The  State  Board  of  Health  has  considered  your  application  with 
regard  to  a  proposed  water  supply  for  the  town,  to  be  taken  from 
a  well  located  near  Lake  Chaubunagungamaug,  and  has  caused 
an  analysis  of  a  sample  of  water  from  a  test  well  at  the  site  of 
the  proposed  well  to  be  made,  also  an  examination  of  the  sur- 
rounding territory.  The  analysis  shows  that  the  water  is  very 
pure  and  soft. 

The  sample  probably  represented  water  which  was  percolating 
through  the  ground  toward  the  pond  ;  while  if  a  large  quantity  of 
water  should  be  pumped  from  the  ground  at  this  place,  it  is  prob- 
able that  a  part  of  it  would  be  derived  by  filtration  from  the  lake. 
Judging  from  the  experience  at  other  places  in  the  State,  the  water 
obtained  in  this  way  from  the  lake  would  be  so  thoroughly  changed 
in  its  character  by  filtration  that  it  would  not  differ  to  any  notice- 
able extent  from  the  water  coming  to  the  well  from  the  land  side. 

Both  the  examination  of  the  ground  at  the  site  of  the  well,  made 
under  your  direction,  and  a  general  examination  of  the  surround- 
ing territory,  indicate  that  a  large  quantity  of  water  can  be  col- 
lected from  the  ground  at  this  place ;  and  if  the  supply  should 
prove  insuflScient,  a  supplementary  supply  of  very  good  surface 
water  can  be  obtained  from  the  lake.  It  is  desirable,  however, 
that  a  full  supply  should  be  obtained  from  the  ground,  on  account 
of  the  better  quality  of  the  water  from  this  source. 

Westborough.  The  water  commissioners  of  West- 
borough  applied  to  the  Board  for  advice,  Sept.  26,  1892, 
relative  to  the  improvement  and  increase  of  the  public  water 
supply,  submitting  at  the  same  time  a  description  of  a  pro- 
posed plan.  The  chief  engineer  of  the  Board  visited  the 
town,  and  made  such  suggestions  as  seemed  necessary  for 
the  modification  and  improvement  of  the  plan,  and  a  new 
plan  was  submitted  to  the  Board,  Jan.  19,  1893.  The 
Board  replied  as  follows :  — 

BosTOir,  Feb.  13, 1893. 

Yoar  water  supply  is  now  derived  from  two  reservoirs,  the  upper 
one  a  storage  reser%*oir  of  considerable  size  and  the  lower  one  a 
smaller  basin  which  derives  its  supply  from  the  upper  one  by  the 
filtration  of  the  water  through  the  intervening  porous  ground. 
YoQ  find  that  the  quality  of  this  filtered  water  is  very  much  better 
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than  that  of  the  water  in  the  upper  reservoir,  bat  that  at  times  the 
quantity  is  not  sufficient  to  supply  all  of  the  water  needed,  and 
you  therefore  have  to  draw  some  of  the  water  directly  from  the 
upper  reservoir;  moreover,  the  upper  reservoir  sometimes  over- 
flows into  the  lower  one,  injuriously  affecting  the  quality  of  the. 
water  in  it. 

What  is  now  desired,  therefore,  is  a  means  of  increasing  the 
supply  of  filtered  water  during  portions  of  the  year  and  a  means  of 
diverting  the  overflow  of  the  upper  reservoir  from  the  lower  one. 

The  plan  now  submitted  shows  a  contemplated  channel  for 
diverting  the  waste  water  from  the  upper  resen^oir  past  the  lower 
one,  and  with  the  accompanying  communication  explains  the  result 
of  certain  tests  which  have  been  made  with  reference  to  the- 
present  conditions  under  which  water  is  now  filtering  from  one 
reservoir  to  the  other,  and  of  other  tests  made  to  determine  the 
means  by  which  the  filtration  may  be  facilitated. 

Judging  from  the  experiments  which  you  have  made,  it  seems 
quite  certain  that  a  material  increase  in  the  amount  of  filtered 
water  can  be  obtained  at  a  moderate  expense  by  digging  a  ditch 
with  sloping  sides  down  into  the  sand  and  gravel  at  the  shore  of 
the  upper  reservoir  between  the  dam  and  the  waste  way,  this  ditch 
to  be  separated  from  the  water  in  the  reservoir  by  an  embankment 
extending  above  high  water  mark.  This  ditch  should  also  be  di- 
vided into  sections,  each  of  which  should  communicate  with  the 
reservoir  by  means  of  a  pipe  provided  with  a  gate  by  which  the 
water  can  be  shut  off  during  those  portions  of  the  year  when 
enough  water  naturally  filtera  through  the  ground,  or  when  it  be- 
comes necessary  to  clean  any  section  of  the  ditch  so  as  to  expose 
a  fresh  sand  surface.  The  pipe  and  bottom  of  the  ditch  should 
either  be  placed  at  the  lowest  practicable  level  in  the  beginning, 
so  that  the  system  will  operate  when  the  upper  reservoir  is  drawn 
down  several  feet,  or  they  may  be  placed  at  a  higher  level  in  the 
beginning  and  subsequently  lowered  when  the  water  recedes. 

The  experiments  show  that  a  ditch  of  this  kind  would  let  the 
water  into  the  ground  much  more  freely  than  it  now  gets  in  through 
the  nearly  impervious  material  at  the  bottom  of  the  reservoir. 

On  the  opposite  or  north  side  of  the  waste  way  a  similar  con- 
struction could  be  used  to  facilitate  the  filtration  of  water,  but  the 
ditch  should  be  placed  far  enough  back  from  the  edge  of  the  reser- 
voir so  that  it  will  be  wholly  in  clean  sand  or  gravel  below  the 
surface  of  the  water  in  the  reservoir. 

The  contemplated  filtering  drain,  intended  to  collect  water  from 
the  ground  and  discharge  it  into  the  lower  basin,  if  placed  with  its 
bottom  nearly  at  the  level  of  low  water  in  the  lower  basia,  would 
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ondoabtedlj^  increase  to  a  considerable  extent  the  quantity  of  fil- 
tered water.  To  avoid  the  danger  of  imperfect  filtration,  however, 
it  would  be  desirable  to  limit  its  length  to  150  feet  from  the  shore 
of  the  lower  basin  rather  than  to  make  it  235  feet  long,  as  shown 
upon  the  plan.  This  drain  should  connect  with  the  lower  basin  by 
a  pipe  provided  with  a  gate  so  that  it  can  be  shut  off  during  those 
portions  of  the  year  when  enough  water  naturally  filters  through 
the  ground,  and  thus  avoid  an  unnecessary  draft  upon  the  upper 
reservoir. 

The  new  channel  to  divert  the  overflow  from  the  upper  reservoir 
past  the  lower  basin  is  a  very  desirable  feature,  and  if  by  removing 
the  soil  and  fine  material  this  channel  can  be  prepared  so  that  all 
the  material  beneitth  it  will  be  sand  or  gravel  it  may  also  be  feasible 
to  use  it  as  a  supplementary  filtration  area  in  cases  of  emergency. 
In  order  to  do  this  it  would  be  necessary  to  lay  a  pipe  to  bring 
water  from  the  upper  reservoir  to  the  channel,  and  to  erect  tem- 
porarily a  low  dam  near  its  lower  end. 

West  Springfield.  The  water  commissioners  of  West 
Springfield  applied  to  the  State  Board  of  Health  May  1, 
1893,  for  its  advice  relative  to  taking  an  additional  watfr 
supply  from  certain  specified  sources  in  that  town  and  in 
Agawam.     The  Board  replied  as  follows :  — 

BosTOM,  Jane  1,  1898. 

The  State  Board  of  Health  has  considered  your  application  with 
regard  to  a  proposed  additional  water  supply  for  your  town,  includ- 
ing the  village  of  Mittineague,  which  is  at  too  high  a  level  to  be 
supplied  from  the  present  source.  You  have  called  the  attention 
of  the  Board  to  the  Craig  Spring  and  Silver  Stream,  which  can  be 
utilized  to  supply  the  village  of  Mittineague  by  pumping,  to  the 
Leonard  Brook  in  Agawam,  which  can  be  used  to  supply  a  portion 
of  the  lower  village  by  gravity,  to  the  Lathrop  Spring  and  Hyde 
Brook,  which  can  be  diverted  into  the  present  reservoir,  and  to  a 
more  distant  source,  viz.,  a  spring  and  brook  at  the  Bear  Hole, 
so-called,  in  the  north-westerly  part  of  the  town,  from  which  water 
would  have  to  be  supplied  by  pumping. 

All  of  these  sources  have  been  visited  by  the  engineer  of  the 
Board,  and  from  all  except  Silver  Stream  samples  of  water  have 
been  collected  and  analyzed,  and  copies  of  the  analyses  are  trans- 
mitted herewith,  together  with  the  average  analysis  of  water  from 
the  present  storage  reservoir  for  the  year  ending  in  May,  1888. 

The  Craig  Spring  will  furnish  a  soft  water,  and  one  of  very  good 
quality,  provided  it  is  collected  by  means  of  pipes  leading  to  a 
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well,  or  by  other  suitable  works,  without  exposure  to  the  light,  and 
when  pumped  is  stored  in  a  reservoir  which  is  also  covered  to 
exclude  the  light.  Care  would  also  have  to  be  taken  to  prevent 
any  contamination  by  surface  water  running  down  the  ravine  in 
which  the  spring  is  situated. 

The  water  of  the  Leonard  Brook  is  soft  and  of  very  good  quality. 

The  sample  of  water  from  the  Lathrop  Spring  was  necessarily 
collected  after  the  water  had  passed  through  a  rank  growth  of 
vegetable  matter,  which  may  have  affected  the  analysis  to  some 
extent.  This  water  is  harder  than  the  other  waters  examined. 
There  seems  no  reason  to  doubt,  however,  that  if  taken  directly 
from  the  ground  and  diverted  into  tbe  present  reservoir  it  would 
not  change  the  character  of  the  water  in  the  reservoir  enough  to  be 
objectionable. 

The  sample  from  Hyde  Brook  had  a  moderate  color,  indicating 
that  this  water  is  affected  to  some  extent  by  contact  with  vegetable 
matter  in  swampy  places.  At  tbe  time  the  sample  was  collected, 
the  water,  though  not  as  desirable  as  the  spring  waters,  would  l)e 
classed  as  a  fairly  good  water  for  all  purposes,  but  it  is  not  feas- 
ible to  tell  from  a  single  examination  in  the  spring  of  the  year 
what  the  character  of  this  water  would  be  in  summer. 

The  water  of  the  spring  at  the  Bear  Ilole  is  of  excellent  quality, 
though  its  hardness  is  about  twice  that  of  the  present  water  supply. 
The  degree  of  hardness,  however,  is  not  great  enough  to  make  the 
water  objectionable  for  water  supply  purposes.  Bear  Hole  Brook, 
at  the  time  the  sample  was  collected,  was  receiving  the  overflow 
from  Ashley  Pond,  and  the  quantity  of  water  was  unusually  large. 
Under  these  circumstances  the  analysis  would  have  but  little  value 
as  an  indication  of  the  average  quality  of  the  water.  The  water 
had  less  color  than  Hyde  Brook,  but  contained  rather  more  organic 
matter.  The  degree  of  hardness  was  nearly  the  same  as  that  of 
the  water  from  the  spring  near  it. 

The  plan  proposed  by  you,  of  establishing  a  pumping  station  at 
the  Craig  Spring  and  supplementing  the  present  supply  to  the 
lower  village  by  introducing  water  from  Leonard  Brook,  and  con- 
necting the  Lathrop  Spring  with  the  present  reservoir,  has  the 
merit  that  it  will  add  to  the  present  supply  a  considerable  quantity 
of  very  good  water  by  a  comparatively  small  expenditurci  and  it 
may  be  wise  to  carry  out  this  plan.  The  Board  does  not,  however, 
have  sufficient  information  as  to  the  capacity  of  the  present  source 
in  very  dry  years,  or  as  to  the  amount  which  the  supplementary 
sources  will  furnish  in  such  years,  or  can  be  made  to  furnish  by 
the  construction  of  additional  storage  reservoirs,  to  enable  it  to 
advise  definitely  as  to  whether  it  is  better  to  carry  out  this  plaa  to 
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make  the  Craig  Spring  and  the  present  reservoir  the  main  source 
of  supply,  to  be  supplemented  by  such  other  sources  in  the  vicin- 
ity as  will  supply  the  lower  village  by  gravity,  or  whether  it  is 
better  to  go  at  once  to  a  greater  distance  to  obtain  a  supplement- 
ary supply  from  a  source  which  will  furnish  a  larger  quantity  of 
water.  In  order  to  obtain  such  information  it  would  be  necessary 
for  you  to  employ  an  engineer  skilled  in  the  design  and  construc- 
tion of  water  works  to  make  a  more  complete  study  of  this  ques- 
tion, and  the  Board  advises  that  this  be  done. 

Whitman.  The  committeo  on  water  supply  of  the  town 
of  Whitman  applied  to  the  Board,  April  12,  1893,  for  its 
advice  relative  to  a  public  water  supply  from  certain  specified 
sources  in  that  town  and  the  to^^^ls  of  Hanson  and  Pembroke. 
The  Board  replied  as  follows :  — 

Boston,  May  4,  1893. 

In  this  application  you  make  special  mention  of  Maquam,  Old- 
ham and  Big  Sandy  Bottom  Ponds  and  Silver  Lake.  The  Board 
has  caused  examinations  to  be  made  of  these  and  other  ponds  in 
the  vicinity.  Complete  chemical  and  microscopical  examinations 
have  been  made  of  samples  of  water  from  Maquam,  Oldham,  Fur- 
nace and  Big  Sandy  Bottom  Ponds  and  Silver  Lake,  and  less  com- 
plete examinations  of  samples  from  Indian  Ilead  Pond  and  Factory 
Pond  in  the  town  of  Hanson  and  Stetson's  Pond  in  the  town  of 
Pembroke.     Copies  of  these  analyses  are  transmitted  herewith. 

The  water  of  Indian  Head  and  Factory  ponds  has  a  very  dark 
color,  and  in  other  respects  these  ponds  are  less  desirable  than 
some  of  the  others,  so  that  they  may  be  discarded  from  the  list  of 
desirable  sources.  Stetson's  Pond  presents  no  advantages  either 
as  to  the  quality  or  quantity  of  water  as  compared  with  Oldham 
Pond,  and  on  account  of  its  greater  distance  is  a  less  available 
source  for  Whitman. 

The  water  of  Maquam  Pond  is  practically  colorless  and  in  most 
other  respects  is  a  very  satisfactory  pond  water.  It  had,  however, 
at  the  time  of  the  examination  slightly  more  odor  after  standing  in 
a  bottle,  and  contained  a  greater  number  of  microscopical  organisms 
than  any  other  sample  of  which  a  complete  examination  was  made. 
All  surface  waters  contain  a  greater  or  less  number  of  these  minute 
organisms,  which  are  the  cause  of  the  odors  noticed,  and  both  the 
numbers  and  the  amount  of  odor  are  liable  to  vary  from  time  to 
time,  so  that  too  much  significance  should  not  be  attached  to  the 
comparisons  of  only  a  single  series  of  analyses.  It  is  not  feasible 
to  tell  from  the  information  at  present  available  whether  or  not 
Maquam  Pond  will  furnish  sufKcient  water  to  meet  the  require- 
ments of  the  town  of  Whitman  even  in  the  near  future,  and  this 
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source  should  not,  therefore,  be  adopted  in  any  case  without  mak- 
ing provisiou  for  supplementing  the  supply  from  some  other  source 
when  necessary.  In  order  to  form  an  opinion  as  to  whether  this 
pond  will  furnish  enough  water  to  warrant  taking  a  supply  from  it 
in  the  beginning,  it  would  be  necessary  for  you  to  ascertain  by 
surveys  the  size  of  the  watershed  from  which  its  supply  is  derived, 
and  to  make  investigations  to  determine  how  much,  if  any,  water  is 
liable  to  be  lost  by  filtration  through  the  ground  into  other  ponds. 

Oldham  Pond  will  furnish  an  abundant  supply  for  the  town  for 
a  very  long  time  in  the  future,  and  the  analysis  indicates  that  the 
water  is  of  fairly  good  quality  at  the  present  time.  It  has  only  a 
moderate  amount  of  color  and  contains  about  the  usual  amount  of 
organic  matter,  and  in  its  present  condition  would  be  a  satisfactory 
water  for  all  purposes  of  a  public  water  supply,  though  not  as 
good  as  either  the  water  of  Maquam  Pond  or  Silver  Lake. 

The  analysis  of  a  sample  of  water  from  Furnace  Pond  differs 
but  little  from  that  of  a  sample  collected  from  Oldham  Pond,  but 
Furnace  Pond  has  no  advantages  which  should  lead  to  its  selection 
as  a  source  of  water  supply  for  Whitman. 

The  water  of  Silver  Lake  is  practically  colorless  and  in  other 
respects  it  is  a  better  water  than  any  other  of  the  waters  analyzed. 
This  would  undoubtedly  be  a  satisfactory  source  both  with  regard 
to  quantity  and  quality. 

Big  Sandy  Bottom  Pond  has  been  used  for  years  by  the  towns  of 
Abington  and  Rockland  and  has  proved  to  be  an  excellent  water. 
The  quantity  which  this  source  will  furnish  is  more  than  the  amount 
of  water  consumed  by  the  three  towns  of  Abington,  Rockland  and 
Whitman  at  the  present  time,  so  that  for  a  time  this  source  might 
be  sufficient  for  all  of  the  towns,  but  at  a  later  period  it  would  be 
necessary  either  to  supplement  the  supply  from  some  other  source 
or  for  one  of  the  towns  to  introduce  an  independent  supply. 

The  information  now  in  possession  of  the  Board  with  regard  to 
the  proposed  sources  of  water  supply  is  too  limited  to  enable  it  to 
advise  as  to  the  most  appropriate  source  for  the  town,  and  it  makes 
this  preliminary  reply  at  the  present  time  because  it  understands 
that  it  is  desired  for  use  at  a  town  meeting  to  be  held  soon.  The 
Board  would  advise  that  a  survey  be  made,  as  before  suggested,  to 
determine  the  size  of  the  watershed  of  Maquam  Pond,  and  that 
analyses  should  be  made  monthly  of  the  waters  of  Maquam  and 
Oldham  ponds  and  of  Silver  Lake  to  determine  the  relative  quality  of 
these  waters  throughout  the  summer.  The  State  Board  of  Health 
will  co-operate  with  you  by  causing  these  analyses  to  be  made  if 
you  will  collect  the  samples  of  water,  and  will  advise  yon  further 
with  regard  to  the  proposed  sources  if  you  so  request. 
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Sewerage  and  Sewage  Disposal. 

The  following  is  the  substance  of  the  action  of  the  Board 
in  reply  to  applications  for  advice  relative  to  sewerage  and 
sewage  disposal :  — 

Andover.  The  sewer  commissioners  of  Andover,  having 
been  authorized  by  the  town  to  I'eport  a  plan  of  sewerage  to 
the  town,  applied  to  the  State  Board  of  Health,  June  8, 
1893,  stating  that  before  reporting  a  general  plan  to  the 
town  they  desired  to  know  whether  such  a  plan,  involving 
the  discharge  of  crude  sewage  into  the  Shawsheen  River, 
would  be  approved  by  the  State  Board  of  Health.  The 
Board  replied  as  follows :  — 

Boston,  July  7,  1893. 
The  Board  is  of  opinion  that,  while  it  is  not  permissible  to 
discharge  the  sewage  of  any  large  portion  of  the  town  into  this 
river,  it  may  be  permissible  for  the  present  to  discharge  the  sew- 
age from  the  low  land  bordering  the  river  into  the  river  below  the 
dam  at  Frye  Village.  In  making  a  sewerage  plan,  therefore,  pro- 
vision should  be  made  for  carrying  as  much  of  the  sewage  of  tlie 
town  as  can  be  conveyed  by  gravity,  either  to  suitable  porous 
land,  where  it  can  be  purified  by  filtration  before  being  discharged 
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into  the  Shawsheen  River,  or  to  the  Merrimack  River. 

Attleborough.  The  committee  on  drainage  of  the  town 
of  Attleborough  applied  to  the  State  Board  of  Health,  Jan. 
16,  1893,  for  its  advice  relative  to  "the  drainage  of  that 
portion  of  the  village  and  town  located  on  the  watershed 
of  Thacher  Brook."     The  Board  replied  as  follows :  — 

Boston,  Feb.  6, 1893. 

The  plan  submitted  shows  the  general  character  of  the  proposed 
improvement,  which  provides  for  lowering  the  channel  of  Thacher 
Brook,  either  in  its  present  or  a  new  location,  and  the  substitution, 
for  a  portion  of  the  way,  of  a  covered  drain  for  the  open  channel. 

It  is  understood  from  the  statements  made  by  your  committee 
that  it  is  not  proposed  to  turn  any  sewage  into  this  channel,  but 
that  the  sewerage  system  when  constructed  will  convey  the  sewage 
in  separate  pipes  in  some  other  direction.  Your  committee  has 
also  indicated  that  it  is  very  desirable  to  lower  the  level' of  the 
groand  water  in  the  upper  part  of  the  Thacher  Brook  watershed 
and  near  the  central  portion  of  the  village,  in  order  to  avoid  damp 


70  STATE  BOARD  OF  HEALTH.     [Pub.  Doc. 

or  wet  cellars,  and  thereby  to  improve  the  sanitary  condition  of 
this  portion  of  the  town.  The  high  level  of  the  gi-ound  water  in  this 
part  of  the  village  is  also  shown  upon  a  plan  previously  submitted 
to  the  Board  giving  the  level  of  the  ground  water. 

The  Board  finds  that  the  plan  now  proposed  is  one  to  be  com- 
mended. It  is  certainly  very  desirable,  for  sanitary  reasons,  that 
the  level  of  the  ground  water  in  the  built-up  portions  of  this  water- 
shed should  be  lowered,  and  it  is  wise  to  provide  for  the  improve- 
ment of  the  lower  portions  of  this  brook  before  the  design  and 
location  of  a  new  channel  are  hampered  and  the  cost  increased  by 
the  construction  of  streets  and  buildings  in  the  vicinity  of  the 
brook. 

In  addition  to  the  improvement  of  the  main  channel  the  plan 
also  indicates  where  branch  drains  emptying  into  the  brook  maybe 
built  in  the  streets  in  its  vicinity.  It  would  be  desirable  before 
constructing  these  drains  that  a  complete  system  of  sewerage 
should  be  designed  for  at  least  this  portion  of  the  town,  both 
because  the  level  of  the  ground  water  might  be  lowered  by  under- 
drains  placed  beneath  the  sewers,  thereby  rendering  separate 
drainage  channels  unnecessary,  and  because  the  drains  might 
otherwise  be  placed  at  such  a  height  as  to  interfere  with  the  proper 
grading  of  the  system  of  sewers.  These  suggestions  with  regard 
to  the  brunch  drains  may  also  be  applicable  to  the  extreme  upper 
end  of  the  main  drain. 

Braixtree.  The  committee  on  sewerage  of  Braintreo 
applied  to  the  State  Board  of  Health  June  5,  1893,  for  advice 
relative  to  a  proposed  system  of  sewerage  for  that  town, 
and  as  to  the  comparative  merits  of  certain  areas  proposed 
for  sewage  disposal.     The  Board  replied  as  follows :  — 

Boston,  Jaly  6,  1893. 

In  this  application  you  outline  the  general  features  of  a  proposed 
system  for  collecting  the  sewage,  and  suggest,  as  a  method  of  dis- 
posal, pumping  it  to  land  where  it  can  be  purified.  You  then  ask 
that  the  Board  will  cause  the  different  tracts  of  land  which  are 
available  for  sewage  disi)osal  to  be  examined  at  as  early  a  day  as 
possible,  and  that  the  Board  advise  you  regarding  them. 

Three  tracts  were  called  to  the  attention  of  the  Board,  one  sit- 
uated on  the  north-westerly  side  of  Plain  Street,  just  north  of  the 
Plymouth  branch  of  the  Old  Colony  Railroad,  known  as  the  Plain 
Street  lot,  another  in  the  south-westerly  part  of  the  town,  known 
as  the  Mayflower  Park  lot,  and  a  third  in  the  north-westerly  por- 
tion of  the  town,  known  as  the  Collins  Farm  lot. 
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The  CoIHds  Farm  lot  is  unsuitable  for  this  purpose  on  account 
of  its  being  located  where  the  effluent  from  the  sewage  would  find 
its  way  both  into  the  present  water  supply  of  the  city  of  Quincy 
and  into  the  territory  from  which  this  city  was  authorized  by  the 
Legislature  in  1891  to  take  an  additional  water  supply. 

At  the  Plain  Street  lot  the  test  pits  indicated  that  the  material 
is  of  excellent  quality  for  filtering  sewage,  and  the  principal  objec- 
tions to  it  are  its  proximity  to  the  village  of  South  Braintree  and 
the  limited  area  of  suitable  land  which  is  available  at  this  place. 
It  is  also  an  objection  to  this  lot,  though  to  a  less  extent  than  to 
the  others,  that  it  requires  the  sewage  to  be  pumped  a  long  dis- 
tance from  the  lowest  point  in  the  town  (where  a  pumping  station 
would  naturally  be  located) ,  and  to  quite  a  high  elevation. 

At  the  Mayflower  Park  lot  the  test  pits  indicated  that  in  addi- 
tion to  the  coarser  sand  and  gravel  there  were  layers  of  very  fine 
sand,  which,  while  not  preventing  the  use  of  the  lot  for  the  filtra- 
tion of  sewage,  would  require  it  to  be  applied  in  smaller  quantities 
per  acre,  and  would  therefore  require  a  greater  amount  of  land  to 
dispose  of  the  sewage.  The  principal  objections  to  the  lot  are  its 
proximity  to  several  houses,  its  limited  area  and  the  very  great 
distance  which  the  sewage  would  have  to  be  pumped  to  reach  it. 

The  amount  of  land  required  to  purify  the  sewage  of  Braintree 
by  intermittent  filtration  would  depend  both  upon  the  quality  of 
the  land  and  upon  the  amount  of  sewage.  In  a  general  way  it 
may  be  said  that  from  6  to  10  acres  of  filter-beds  would  meet  all 
requirements  for  a  few  years,  and  that  it  is  desirable  to  have  not 
less  than  20  or  30  acres  in  all  to  provide  for  future  growth.  It 
does  not  seem  probable  that  this  amount  of  land  can  be  made  avail- 
able at  either  the  Mayflower  Park  or  the  Plain  Street  location. 

As  a  general  result  of  this  preliminary  examination  the  Board  is 
of  opinion  that,  before  adopting  either  of  the  tracts  brought  to  its 
attention,  it  would  be  advisable  for  the  town  to  cause  examinations 
to  be  made  to  ascertain  if  a  more  satisfactory  disposal  of  the  sew- 
age cannot  be  effected  by  discharging  it  into  the  sea  at  some  suit- 
able outlet.  The  nearness  of  the  village  of  Weymouth  to  the 
lowest  point  in  Braintree  suggests  that  the  interests  of  both  com- 
munities might  be  served  by  united  action  by  the  towns  of  Wey- 
mouth and  Braintree  in  the  construction  of  an  outlet  to  the  sea ; 
but  even  if  it  should  be  built  by  Braintree  alone  it  may  be  cheaper 
and  more  satisfactory  than  the  disposal  of  the  sewage  upon  any  of 
the  areas  examined  up  to  the  present  time. 

Brockton.  The  sewerage  commissioners  of  Brockton 
applied  to  the  Board,  Sept.  14,  1892,  for  its  advice  relative 
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to  the  proposed  plan  of  sewerage  and  sewage  disposal  for 
that  city.  The  completed  plan  was  submitted  Jan.  10,  1893. 
The  Board  replied  as  follows :  — 

B06TOIC,  Feb.  2,  1893. 

The  general  features  of  the  plan  sabmitted  are,  first,  a  system 
of  sewers  within  the  city  designed  to  take  sewage  only,  and  from 
which  the  ground  water  is  to  be  excluded,  hoth  by  placing  an 
underdrain  beneath  each  sewer  to  remove  the  ground  water,  and  by 
thorough  construction  to  make  the  joints  of  the  sewers  water-tight ; 
second,  a  pumping  station  in  the  southerly  part  of  the  city  to  lift 
the  sewage  from  a  receiving  reservoir  into  which  the  main  sewer 
empties  and  which  will  store  the  sewage  flowing  through  the  night, 
and  force  it  through  an  iron  pipe  to  the  Muster  Field,  so  called ; 
third,  a  scries  of  filter-beds  covering  an  area  of  about  23  acres 
upon  that  portion  of  the  field  lying  within  the  limits  of  the  city  of 
Brockton. 

The  exclusion  of  all  storm  water  from  the  sewers,  as  proposed 
by  you,  is  undoubtedly  the  best  course  to  adopt  on  account  of  the 
smaller  sizes  of  the  sewers  required  and  the  less  quantity  of  sewage 
to  be  stored,  pumped  and  puriGed.  The  proposition  to  place 
nnderdrains  beneath  each  sewer  so  as  to  remove  the  ground  water 
and  prevent  it  from  entering  the  sewers  is  also  to  be  commended 
for  the  same  reason,  and  because  of  the  great  improvement  in  the 
sanitary  conditions  within  the  city,  which  will  result  from  lowering 
the  ground-water  level.  Judging  from  the  experience  in  other 
places  it  is  probable  that  if  these  uuderdrains  were  omitted  so  much 
ground  water  would  find  its  way  into  the  sewers  that  the  amount 
of  sewage  to  be  taken  care  of  would  be  doubled  or  trebled,  which 
would  require  a  corresponding  increase  in  the  capacity  of  the  main 
sewers,  receiving  reser\'oir,  pumping  plant  and  force  main,  and  a 
considerably  larger  area  of  filter-beds.  It  would  also  increase  the 
annual  cost  of  pumping,  all  of  which  would  offset  in  part,  if  not 
wholly,  the  additional  cost  of  the  system  of  underdrains. 

It  is  obvious  that  the  pumping  station,  if  located  within  the  city 
limits,  cannot  with  advantage  be  moved  much,  if  any,  from  its 
present  location.  The  proximity  of  dwellings  will,  however,  make 
it  necessary,  in  order  that  there  may  be  no  offence  in  the  neigh* 
borhood,  to  provide  for  ventilation  into  the  chimney  from  the 
tank,  receiving  reser\'oir,  sewer,  pump-well,  and  all  other  places 
from  which  offensive  odors  might  be  given  off,  and  to  make  all 
other  necessary  provision  to  prevent  offence  from  any  of  the  opera- 
tions carried  on  at  the  pumping  station.  It  is  understood  that 
these  matters  have  already  been  carefully  considered  in  the  prepa- 
ration of  your  plans.     With  due  care  in  designing  and  maintain- 
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Ing  the  works,  the  Board  is  of  opinion  that  a  pumping  station 
should  not  be  a  source  of  offence  to  the  neighborhood. 

The  provision  of  an  overflow  from  the  receiving  reservoir  and 
of  blow-offs  from  depressions  in  the  force  main,  where  it  crosses 
under  the  Salisbury  Plain  and  Coweeset  rivers,  is  a  wise  precau- 
tion ;  but  these  should  be  considered  only  as  a  provision  for  unfore- 
seen emergencies  and  should  never  be  used  in  the  ordinary 
operation  of  the  works. 

The  ground  where  the  filter-beds  are  to  be  located  has  been  very 
thoroughly  examined  by  means  of  test  pits.  The  material  is  of 
excellent  quality  for  the  filtration  of  sewage  and  the  water  level 
in  the  ground  is  at  a  considerable  distance  below  its  surface. 
These  natural  features,  together  with  the  careful  manner  in  which 
it  is  proposed  to  construct  the  beds  and  their  appurtenances,  will 
permit  them  to  be  used  for  the  disposal  of  an  unusually  large 
amount  of  sewage. 

It  has  also  been  found,  since  the  water  supplied  to  the  city  has 
been  pumped,  and  therefore  measured,  that  the  amount  of  water 
consumed  per  inhabitant  is  unusually  small ;  and  the  amount  of 
sewage  will  also  be  unusually  small,  in  proportion  to  the  popula- 
tion, if  the  ground  water  is  kept  out  of  the  sewers,  as  is  now 
proposed. 

All  of  these  facts  lead  the  Board  to  conclude  that  the  area  to  be 
used  for  filtration,  although  smaller  than  it  is  customary  to  recom- 
mend, will  be  sufficient  for  at  least  the  first  few  years  of  the  oper- 
ation of  the  works,  after  which  it  will  be  necessary  to  extend  the 
area. 

The  land  in  Brockton,  lying  easterly  of  the  proposed  filter-beds, 
which  slopes  from  Pearl  Street  to  the  cranberry  meadow,  might  be 
used  to  a  limited  extent  for  filtering  sewage,  but  the  test  pits  show 
that  layers  of  an  impervious  clayey  material  are  found  in  many 
places  at  from  3^  to  6^  feet  below  the  surface  and  that  the  water 
stands  in  the  ground  much  nearer  the  surface  than  on  the  other 
side  of  the  street.  This  land  could  only  be  used  to  dispose  of  a 
comparatively  small  amount  of  sewage.  The  land  in  Brockton 
north  of  and  across  Daley  Brook  from  the  proposed  filter-beds  is 
better  than  that  on  the  easterly  side  of  Pearl  Street  but  not  as 
good  as  that  where  the  filter-beds  are  located.  This  land  would 
be  fairly  well  adapted  for  the  filtration  of  sewage. 

The  best  land  in  this  vicinity  for  the  extension  of  the  filter-beds 
lies  just  west  of  them,  within  the  limits  of  the  town  of  Easton^ 
This  land  is  similar  in  character  to  that  where  the  filter-beds  now 
proposed  are  located  and  is  superior  in  quality,  topography,  char- 
acter of  material  and  distance  from  habitations  to  the  land  either 
east  or  north  of  them. 
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Since  the  proposed  plan  involved  the  taking  of  certain 
land  within  the  limits  of  the  city,  further  action  of  the 
Board  was  required  under  the  provisions  of  chapter  124  of 
the  Acts  of  1890.  A  public  hearing  was  therefore  held  by 
the  Board,  after  which  the  following  reply  was  sent  to  the 
mayor  of  Brockton :  — 

Boston,  April  17, 1893. 

The  State  Board  of  Health  has  received  your  petition  dated 
March  25,  1893,  made  in  behalf  of  the  city  of  Brockton  under  the 
authority  of  chapter  124  of  the  Acts  of  1890,  entitled  "An  Act. 
providing  for  the  purchase  or  taking  of  land  by  cities  and  towns 
for  the  purification  and  disposal  of  sewage,"  asking  the  Board  to 
approve  the  purchase  or  taking  by  said  city  of  certain  lands  in 
Brockton  for  the  purification  and  disposal  of  its  sewage.  Said 
lands  are  described  in  said  petition  and  shown  on  an  accompany- 
ing plan,  as  follows:  "24  acres  and  128.9  rods,  being  lands  of 
Charles  C.  Manley ;  20  acres  and  58.7  rods,  being  lands  of  heirs 
of  Salmon  C!opeland  ;  1  acre,  being  lands  of  David  Frost ;  2  acres 
and  73.28  rods,  being  lands  of  Milo  Manley;  121.77  rods,  being 
lands  of  Augustus  Remick  ;  2  acres  and  70.25  rods,  being  lands  of 
George  Howard." 

In  response  to  this  petition  the  Board  gave  a  public  hearing  at 
its  office  in  Boston,  on  April  10,  1893,  after  due  notice  of  said 
hearing  by  publication  in  the  Brockton  "Enterprise"  and  Brock- 
ton "  Dispatch."  Having  thus  complied  with  the  requirements  of 
the  law  the  Board  after  due  consideration  herewith  approves  the 
purchase  or  taking  of  the  premises  described  in  said  petition  and 
shown  upon  the  plan  which  accompanied  it. 

Framixgham.  The  selectmen  of  Framingham  applied  to 
the  Board  for  advice  relative  to  a  proposed  plan  for  the  dis- 
posal of  the  w^ater  of  the  underdrain  of  the  sewerage  system 
of  South  Framingham,  by  pumping  and  final  discharge  into 
Bannister  Brook.     The  Board  replied  as  follows :  — 

Boston,  Feb.  6, 1893. 
Your  application  to  the  State  Board  of  Health  dated  Jan.  23, 
1893,  for  advice  with  regard  to  the  disposal  of  the  water,  which  is 
now  discharged  from  the  underdrain  beneath  the  Framingham 
■ewers  into  the  water  supply  of  Boston,  by  pumping  this  water  into 
Bannister  Brook  at  a  point  north  of  Hartford  Street,  beyond  the 
watershed  from  which  said  supply 'is  derived,  has  been  carefully 
considered 
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The  opinion  of  the  Board  with  regard  to  the  desirability  of 
diverting  this  water  from  the  water  supply  of  Boston  has  already 
been  given  in  its  reply  to  the  Board  of  Selectmen  of  Framingham 
dated  Sept.  2,  1890. 

With  regard  to  the  method  of  disposal  now  proposed,  tlie  princi- 
pal features  from  a  sanitary  stand-point  are  the  open  reservoir  near 
the  pumping  station,  in  wliich  is  to  be  stored  the  water  from  the 
uuderdrain  during  the  night  or  at  such  other  times  as  the  pumps 
are  not  in  operation,  and  the  location  of  the  final  point  of  dis- 
cbarge. While  it  is  not  probable  that  the  open  reservoir  will  prove 
objectionable  in  any  way  yet  the  Board  considers  it  advisable  that 
it  should  be  made  as  small  as  is  consistent  with  a  fair  degree  of 
economy  in  pumping.  The  capacity  stated  in  the  report  which 
accompanied  the  application  seems  unnecessarily  large. 

With  regard  to  the  final  disposal  of  the  water  from  the  uuder- 
drain by  discharging  it  into  the  upper  end  of  Bannister  Brook 
north  of  Hartford  Street,  and  beyond  the  watershed  from  which 
the  city  of  Boston  derives  its  supply,  the  Board  is  of  opinion 
that  this  method  of  disposal  is  permissible  for  the  present ;  but  if 
the  character  of  the  water  should  deteriorate  it  may  become  neces- 
sary to  discharge  it  upon  a  small  filtering  area,  and  it  would  be 
well  to  have  the  outlet  where  two  or  three  a^res  of  suitable  filtering 
material  may  be  secured. 

HoLYOKE.  The  mayor  of  Holyoke  applied  to  the  State 
Board  of  Health,  Feb.  13,  1893,  for  advice  relative  to  a 
system  of  sewerage  and  sewage  disposal  for  the  villages  of 
Elmwood,  Oakdale  and  Springdale,  having  an  outlet  into  the 
Connecticut  River,  opposite  the  trotting  park  in  the  lower 
oart  of  the  city.     The  Board  replied  as  follows :  — 

Boston,  March  2, 1893. 

The  Board  is  of  the  opinion  that  the  sewage  of  these  sections  of 
your  city  may  for  the  present  be  discharged  into  the  river  at  the 
place  indicated,  but  advises  that  the  lower  portion  of  the  sewer 
should  be  so  designed  and  constructed  that  the  dry  weather  flow 
will  be  carried  well  out  into  the  river  by  means  of  a  pipe  of  moder- 
ate size  leading  from  the  bottom  of  the  sewer,  thereby  preventing 
the  foaling  of  the  shore. 

Leicester.  The  water  commissioners  of  the  water  sup- 
ply district  of  Leicester  applied  to  the  Board,  Jan.  23,  1893, 
for  advice  as  to  a  plan  of  sewerage  and  sewage  disposal  for 
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the  village  of  Leicester.  At  a  later  date,  March  1,  they 
submitted  a  legislative  document  (House  Document  385), 
stating  that  the  committee  on  drainage  requested  that  the 
bill  accompanying  the  petition  of  the  commissioners  should 
be  accompanied  with  the  advice  of  the  State  Board  of 
Health.    The  Board  replied  to  this  application  as  follows  : — 

Boston,  March  3,  1893. 

In  reply  to  your  request  of  March  1,  relative  to  the  application 
dated  Jan.  23,  1893,  of  the  Leicester  Water  Supply  District,  for 
advice  in  the  matter  of  the  disposal  of  the  sewage  of  said  district, 
the  Board  would  state  that  it  will  he  impracticable  to  advise  until 
the  snow  disappears,  so  that  a  proper  examination  of  the  ground 
<;an  be  made. 

With  regard  to  the  other  matter  mentioned,  namely,  the  bill 
(House  Document  No.  385)  extending  the  authority  of  the  water 
<;ommis8ioners  of  the  district  so  that  they  shall  also  be  a  board  of 
commissioners  of  main  drains,  common  sewers,  sidewalks  and 
cross-walks,  and  providing  that  the  district  may  raise  money  for 
carrying  out  the  provisions  of  the  act,  the  principal  object  appears 
to  be  to  confer  powers  upon  the  district  and  its  water  commission- 
ers with  regard  to  the  construction  of  main  drains,  common  sew- 
ers, sidewalks  and  cross-walks,  similar  to  those  already  possessed 
by  towns  and  their  selectmen.  So  far  as  the  bill  provides  for  the 
transfer  of  power  from  the  town  and  its  selectmen  to  the  district 
and  its  water  commissioners,  the  Board  does  not  consider  it  within 
its  province  to  advise. 

In  looking  at  the  provisions  of  the  bill  in  other  respects,  it  is 
noticed  that  while  it  provides  for  the  construction  of  main  drains 
and  common  sewers,  and  for  taking  the  land  which  may  be  neces- 
sary therefor,  it  does  not  authorize  the  construction  of  sewage 
disposal  works  or  the  taking  of  land  for  this  purpose  should  the 
purification  of  the  sewage  be  found  necessary.  The  Board  would 
therefore  suggest  that  the  bill  might  with  advantage  be  modified  so 
as  to  give  the  required  authority  in  these  respects,  and  herewith 
transmits  a  copy  of  the  bill  with  suggested  modifications  to  accom- 
plish this  result. 

Should  the  Committee  on  Drainage  think  it  advisable  to  limit  the 
power  granted  to  the  water  supply  district  with  a  view  to  prevent- 
ing any  improper  disposal  of  the  sewage,  it  might  require  the 
system  of  sewerage  adopted  and  the  land  taken  for  sewage  disposal, 
«hould  any  be  required,  to  be  subject  to  the  approval  of  the  State 
Board  of  Health.  This  might  be  accomplished  by  adding  after  the 
word  **  therefore  "  in  section  5,  line  8  :  — 
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Provided,  however,  that  any  system  or  systems  of  sewerage,  drainage 
or  sewage  disposal  constmcted  under  the  provisions  of  this  act  shall  be 
in  general  accordance  with  some  plan  or  plans  approved  by  the  State 
Board  of  Health,  and  no  land  shall  be  taken  for  sewage  disposal  pur- 
poses without  the  approval  of  said  Board. 

The  Committee  on  Drainage  may  also  desire  to  restrict  the  terri- 
tory within  which  land  can  be  taken,  by  adding  after  the  word 
*^  land,*'  in  section  5,  line  7,  the  words  ^*  within  the  limits  of  the 
town  of  Leicester." 


The  final  reply  of  the  Board  relative  to  this  plan  of  sewage 
disposal  was  as  follows :  — 

Boston,  Jane  1, 1893. 

The  situation  of  the  village  upon  the  hill  is  such  that  nearly  all 
of  the  sewage  can  be  carried  by  a  single  system  to  the  westerly 
side  of  the  town  in  the  vicinity  of  Rawson  Brook,  so  called,  or  it 
is  feasible  to  provide  two  systems,  one  of  which  would  convey  the 
sewage  of  rather  more  than  half  of  the  village  to  the  above  indi- 
cated location  on  the  westerly  side  of  the  town,  while  the  other 
would  take  the  sewage  from  the  remainder  of  the  village  in  an 
easterly  direction.  An  examintition  of  the  whole  territory  indi- 
cated that  it  would  be  well  to  take  as  much  sewage  as  possible  in 
a  westerly  direction  to  a  point  near  the  Rawson  Brook. 

After  considering  all  of  the  conditions  afifecting  the  discharge  of 
the  sewage  into  Rawson  Brook,  the  Board  has  reached  the  conclu- 
sion that  such  discharge  should  not  be  permitted  even  in  the 
beginning  until  the  sewage  had  been  at  least  partially  purified  by 
the  removal  of  the  greater  portion  of  the  suspended  matter.  In 
the  future  a  more  complete  purification  of  the  sewage  may  be 
found  necessary. 

The  best  method  of  purification  cannot  be  determined  without 
a  more  extended  examination  of  the  ground  than  it  is  feasible  for 
this  Board  to  have  made,  and  your  town  is  therefore  advised  to 
employ  a  competent  engineer  to  make  the  necessary  surveys  and 
devise  a  system  for  the  purification  of  the  sewage  to  at  least  the 
extent  above  indicated.  The  Board  will  advise  further  with  regard 
to  such  system  when  the  plans  are  submitted  by  you. 

Where  sewage  is  to  be  purified  the  smaller  the  amount  of  water 
to  be  taken  care  of,  the  less  the  difiSculty  of  purification.  The 
Board  therefore  commends  your  plan  for  adopting  a  system  of 
sewers  from  which  all  storm  water  is  to  be  excluded,  and  would 
further  advise  the  exclusion  of  as  much  ground  water  as  it  is  feas- 
ible to  exclude. 
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The  town  of  Leicester,  having  obtained  an  act  from  the 
Legislature  requiring  the  approval  of  its  plans  by  the  State 
Board  of  Health  (chap.  181,  Acts  of  1893),  submitted  plans 
to  the  Board,  June  30,  1893,  a  statement  of  which,  together 
with  the  approval  of  the  Board,  are  as  follows :  — 

Boston,  Dec.  30, 1893. 

Under  the  provisious  of  chapter  181  of  the  Acts  of  1893,  en- 
titled "An  Act  to  authorize  the  Leicester  Water  Supply  District 
to  construct  and  maintain  a  system  of  sewerage  and  drainage," 
the  State  Board  of  Health  received  from  you  on  June  30,  1893, 
a  written  statement  of  your  plan  for  the  sewerage  of  the  village 
of  Leicester.  This  statement  of  your  plan,  as  subsequently 
amended  and  submitted  in  a  new  draft  dated  Dec.  22,  1893,  is  as 

follows :  — 

13  Beacon  Street,  Boston,  Mass. 
To  (he  State  Board  of  Health. 

The  water  commissioners  of  the  Leicester  AVater  Supply  District 
having  received  your  reply  of  June  1,  1893,  to  their  application 
for  advice  in  relation  to  the  disposal  of  the  sewage  of  the  village 
of  Leicester,  submit,  for  your  approval,  the  following  plans  for  its 
disposal. 

In  accordance  with  your  suggestion,  we  propose  to  carry  the 
sewage  as  far  as  possible  to  the  westerly  side  of  the  village,  and 
remove  all  the  organic  m:itter  in  suspension,  so  far  as  practicable, 
before  discharging  the  eflluent  into  Rawson  Brook. 

To  accomplish  this  end,  the  separate  water  carriage  system  is  to 
be  adopted,  to  the  extent  of  excluding  all  street  or  storm  water, 
roof  water  and  ground  water,  so  far  as  feasible,  the  sewers  to  be 
flushed  only  when  necessary  with  clean  water  from  the  mains. 

The  suspended  matter  is  to  be  removed,  as  far  as  practicable, 
by  allowing  the  heavier  portion  to  settle  in  the  tank  (to  be  hereafter 
described),  and  by  mechanical  straining,  if  necessary,  of  the 
lighter  part. 

In  order  that  the  effluent  may  contain  the  smallest  possible 
quantity  of  organic  matter  in  solution,  the  separation  is  to  be 
effected  while  the  sewage  is  fresh. 

The  natural  conditions  of  the  location  of  the  village  on  the  slope 
of  a  hill  are  to  be  utilized  as  far  as  practicable  by  laying  the  sewers 
in  accordance  with  approved  forms  of  sewerage  construction,  to 
line  and  grade.,  with  manholes  at  material  changes  of  line  and 
grade,  at  points  of  intersecting  sewers,  and  wherever  necessary, 
so  as  to  insure  easy  cleaning  out,  and  the  most  rapid  flow  and  con- 
centration of  the  sewage  to  the  point  of  disposal. 
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For  this  purpose,  8-inch,  9-inch  and  10-inch  Akron  salt-glazed 
pipe  is  to  be  used.  Ground  water  is  to  be  excluded  by  using  cast- 
iron  pipe  when  crossing  wet,  swampy  land  not  easily  drained  out- 
side of  the  highway,  and  by  carefully  making  the  joints  and 
plugging  the  branches  for  particular  sewers. 

All  the  sewage  for  the  present  is  to  be  collected  at  a  point  on 
Pine  Street,  1,100  feet  south  of  Main  Street,  and  thence  carried  in 
a  10-inch  pipe,  laid  at  a  grade  of  about  0.4  per  cent.,  in  a  south- 
westerly direction,  as  shown  by  an  accompanying  plan,  a  distance 
of  about  l,2o0  feet,  to  the  top  of  a  small  knoll,  and  there  discharged 
into  a  settling  tank. 

This  tank  is  to  be  built  either  of  brick  or  field  stone,  laid  in 
cement  mortar  and  plastered  on  the  inside.  It  is  to  be  covered 
with  a  roof  or  building.  It  is  to  contain  not  less  than  600  cubic 
feet  of  sewage. 

Tlie  overflow  pipe  from  the  tank  is  to  be  on  the  opposite  side 
from  where  the  sewage  enters,  and  provision  is  to  be  made  for 
breaking  the  force  of  the  stream  which  enters  the  tank,  so  as  to 
make  the  sewage  flow  quietly  through  it,  and  for  preventing  the 
floating  scum  from  passing  out  through  the  overflow  pipe. 

The  sewage  passing  from  the  tank  is  to  be  further  purified  as  far 
as  practicable  by  flowing  it  over  land,  or  through  a  series  of  ditches, 
to  Rawson  Brook ;  but  provision  will  be  made  so  that  the  sewage 
will  not  have  to  run  continuously  in  any  one  channel. 

At  the  bottom  of  the  tank  an  8-inch  gate  connection  with  an  8- 
inch  pipe  is  to  be  laid  at  a  down  grade  of  about  one  foot  to  the 
hundred  to  the  point  of  discharge.  Through  this  pipe  the  sewage 
or  sludge  which  settles  at  the  bottom  of  the  tank  is  to  be  discharged 
once  or  twice  a  week,  as  may  be  necessary,  upon  ground  thoroughly 
underdrained  and  levelled,  so  as  to  have  a  slight  downward  pitch 
from  the  point  of  discharge.  This  ground  is  to  be  ridged  around 
the  outer  edge,  so  that  the  sludge  may  be  distributed  somewhat 
evenly  over  the  surface.  After  the  water  which  it  contains  has 
percolated  through  the  drained  surface,  the  solid  refuse  is  to  be 
carted  away.  Two  or  three  beds  of  this  kind  will  be  prepared  to 
be  used  alternately,  and  provision  will  be  made  for  discharging  the 
sludge  brought  by  the  8-inch  pipe  upon  them. 

By  extending  the  8-inch  pipe  further  in  a  southerly  direction, 
other  sludge  beds  can  be  prepared  when  necessary  to  meet  future 
requirements. 

It  is  proposed  to  acquire  the  knoll  or  ridge  upon  which  the  tank 
is  to  be  located,  and  other  knolls  or  ridges  southwesterly  therefrom, 
and  all  of  the  land  between  these  knolls  or  ridges  and  Rawson 
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Brook,  for  the  disposal  of  the  sewage,  and  to  purify  the  sewager 
upon  this  land  as  far  as  it  may  be  found  practicable  to  do  so. 

(Signed)  H.  O.  Smith, 

C.  W.  Warren, 

D.  Bemis, 

WcUer  ChmmisHoners, 
Lexcbster,  Dec.  22, 1893. 

The  Board  has  caused  a  careful  examination  of  the  foregoing- 
plan  submitted  by  you  to  be  made,  and  hereby  approves  said  plan. 

North  Brookfield.  The  selectmen  of  North  Brook- 
field  applied  to  the  State  Board  of  Health,  July  23,  1893, 
for  advice  relative  to  an  extension  of  their  existing  system 
of  sewerage  and  to  an  improved  method  of  sewage  disposal. 
The  Board  replied  as  follows :  — 

Boston,  Sept.  8,  1893. 

The  plan,  as  set  forth  by  the  application  and  plans  submitted, 
provides  for  the  extension  of  the  present  main  sewer  to  the  north- 
erly end  of  the  town  farm,  the  lower  portion  of  said  sewer  to  be 
an  inverted  siphon  of  iron  pipe.  At  the  outlet  of  the  siphon  a 
settling  tank  is  shown,  and  provision  is  made  for  cleaning  it  by 
discharging  its  contents  through  an  8-inch  pipe  extending  from 
the  bottom  of  the  tank  down  the  hill  to  a  sludge  bed.  The  plan 
also  shows  another  pipe  extending  down  the  hill,  to  serve  as  & 
main  carrier  of  a  system  for  distributing  the  settled  sewage.  The 
other  carriers  are  not  shown,  but  it  is  understood  that  they  are  to 
consist  of  ditches  dug  along  the  hillside,  and  having  only  a  slight 
slope  from  the  main  carrier  to  their  lower  ends.  It  is  further 
stated  that  the  sewage  can  be  turned  upon  about  17  acres  of  mow- 
ing and  tillage  land  of  a  sandy  nature,  and  thus  dispose  of  the 
same  by  broad  irrigation,  and  that  there  is  other  land  upon  the 
town  farm  which  could  be  easily  used  in  the  future  if  necessary. 
The  quantity  of  sewage  at  present  is  said  to  be  about  50,000  gal- 
lons per  day. 

Under  the  conditions  which  exist  in  the  present  case  it  is  advis- 
able to  screen  the  sewage,  rather  than  to  settle  it,  and  thus  avoid 
the  possihility  of  producing  offensive  odors  when  the  contents  of 
the  settling  tank  are  discharged  upon  the  sludge  bed.  The  in- 
verted siphon  can  undoubtedly  be  made  to  operate  as  now  pro- 
posed, but  it  would  be  a  desirable  safeguard  to  adopt,  to  place 
screens  above  the  entrance  of  the  siphon,  and  thus  prevent  any 
large  substances  from  getting  into  it.  The  satisfactory  operation 
of  the  siphon  would  also  be  further  insured  by  oonstmcting  an 
antomatic  flush  tank  above  it,  so  that  the  sewage^  instead  of  flow- 
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ing  throagh  it  continuously  in  a  sluggish  stream,  would  pass 
through  intermittently  with  a  high  velocity,  and  thus  prevent  the 
formation  of  putrefying  deposits  in  the  pipe.  This  intermittent 
discharge  of  the  sewage  would  also  facilitate  its  distribution  over 
the  land.  The  use  of  screens  may  be  objected  to  on  the  ground 
that  they  will  require  excessive  attention,  but  this  objection  can 
be  overcome  to  a  large  extent  by  providing  a  very  large  screen 
area. 

The  changes  as  suggested  would  tend  to  decrease  the  cost  of 
the  work,  as  the  screen  chamber  and  flush  tank  should  not  cost 
any  more  than,  if  as  much  as,  the  proposed  settling  tank,  sludge 
pipe  and  sludge  bed ;  and  by  screening  the  sewage  so  that  no 
large  substances  would  enter  the  siphon  pipe  it  would  be  feasible 
to  reduce  the  diameter  of  this  pipe  to  8  inches. 

With  the  present  knowledge  with  regard  to  sewage  disposal 
there  would  be  a  greater  certainty  of  success  if  the  sewage  was 
discharged  upon  beds  prepared  upon  the  most  porous  part  of  the 
town  land  and  disposed  of  by  intermittent  filtration.  The  proper 
preparation  of  these  beds  would  include  the  removal  of  the  black 
and  yellow  loam  at  the  surface  and  the  grading  of  the  beds,  so 
that  the  sewage  could  be  evenly  distributed  upon  them.  It  is 
probable,  however,  that,  with  the  small  quantity  of  sewage  to  be 
taken  care  of,  satisfactory  results  may  be  obtained  by  the  system 
of  broad  irrigation  proposed  by  the  town,  and  with  less  expense 
than  by  intermittent  filtration,  and  the  Board  therefore  thinks  it 
proper  that  the  town  should  begin  to  dispose  of  the  sewage  by 
broad  irrigation.  It  would  advise,  however,  that  even  in  the  be- 
ginning, several  small  beds,  having  an  aggregate  area  of  not  less  than 
one-half  an  acre,  should  be  carefully  prepared  for  intermittent  filtra- 
tion by  the  removal  of  the  soil,  for  use  at  times  when  it  is  impracti- 
cable  or  inconvenient  to  dispose  of  the  sewage  by  broad  irrigation. 

Where  the  sewage  is  disposed  of  upon  a  hillside  by  broad  irriga- 
tion, there  will  be  a  tendency,  if  the  sewage  is  allowed  to  flow  long 
in  one  place,  for  it  to  gather  in  a  stream  and  flow  down  the  hill. 
To  meet  this  contingency  a  large,  level,  intercepting  ditch  should  be 
constructed  around  the  lower  part  of  the  land,  not  less  than  5  feet 
above  the  brook,  to  intercept  streams  of  this  character  and  prevent 
them  from  flowing  unfiltered  into  the  brook.  Around  other  mar- 
gins of  the  field  small  ditches  should  be  dug  to  prevent  the  sewage 
from  flowing  off  in  these  directions  and  convey  it  to  the  large  inter- 
cepting ditch  just  mentioned. 

In  all  cases  of  sewage  disposal,  and  particularly  where  broad 
irrigation  is  adopted,  the  attainment  of  successful  results  depends 
to  a  very  large  extent  upon  the  intelligent  care  taken  to  effect  a 
proper  distribution  of  the  sewage. 
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PiTTSFiELD.  The  city  of  Pittsfield  presented  to  the  Board,. 
May  11,  1891,  a  plan  of  sewerage  and  sewage  disposal, 
under  the  provisions  of  chapter  357,  Acts  of  1890,  providing^ 
for  the  permanent  disposal  of  sewage  of  the  city  by  filtration 
upon  land  in  the  valley  of  the  Housatonic  River,  with  a  tem- 
porary outlet  into  the  river  during  the  construction  of  the 
works.  This  plan  was  approved  by  the  Board,  May  12, 
1891,  with  the  provision  that  the  direct  discharge  into  the 
river  should  not  continue  after  June  1,  1900. 

On  the  27th  of  December,  1892,  the  Sewer  Commissioners 
applied  to  the  Board  requesting  the  following  modification  of 
the  plan  approved  by  the  Board :  **  To  strike  out  so  much 
of  said  plan  as  designates  specific  areas  of  land  for  the  per- 
manent disposition  of  said  sewage,  and  by  striking  out  so 
much  of  said  plan  as  provides  that  after  the  date  therein 
specified  all  sewage  is  to  be  pumped  to  filtering  fields  across 
the  river  and  there  disposed  of  by  intermittent  filtration,  and 
by  inserting  instead  thereof  a  provision  that  after  said  date 
all  sewage  is  to  be  permanently  disposed  of  by  such  methods 
as  the  State  Board  of  Health  shall  then  approve."  The 
Board  replied  to  this  application  as  follows :  — 

Boston,  Jan.  10, 1893. 
By  the  plan  approved  by  the  State  Board  of  Health,  above 
referred  to,  the  Board  permitted  the  use  of  the  Housatonic  River 
for  the  discharge  of  the  sewage  of  Pittsfield  until  the  year  1900, 
and  after  that  date  the  sewage  was  to  be  cared  for  upon  filtering 
areas  of  land  and  the  discharge  into  the  river  stopped.  The  use  of 
the  river  was  therefore  but  for  a  brief  period,  and  the  main  featurea 
of  the  general  plan  presented  by  the  city  of  Pittsfield,  and  approved 
by  this  Board,  provided  for  the  ultimate  care  of  the  sewage  upon 
the  filtering  areas.  The  changes  now  asked  for,  if  approved  by 
this  Board,  would  leave  the  city  of  Pittsfield  without  provision  for 
its  future  disposal  of  sewage  other  than  the  river.  The  Board  is  of 
opinion  that  such  a  course  is  not  advisable  for  the  city,  nor  does 
the  Board  feel  it  will  do  its  duty  should  it  approve  any  plan  not 
fully  providing  for  the  future  proper  sanitary  care  of  the  city's 
sewage.  The  Board  therefore  cannot  approve  the  amendments  as 
proposed,  but  will  consider  any  further  plans  in  regard  to  the  ulti- 
mate disposal  of  the  sewage  which  the  city  may  desire  to  present. 

Pltmouth.  The  committee  on  sewerage  of  the  town  of 
Plymouth  applied  to  the  Board,  March  30, 1893,  for  its  advioe 
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relative  to  a  plan  of  sewerage  and  sewage  disposal  for  that 
town.     The  Board  replied  as  follows  :  — 

Boston,  Jane  14, 1893. 

The  plan  referred  to  shows  the  outlines  of  a  system  of  sewerage 
for  the  portion  of  the  town  from  which  sewage  can  be  brought  by 
marginal  intercepting  sewers  to  a  point  Jin  Water  Street  just  north 
of  all  wharves,  and  a  12-inch  cast-iron  pipe  extending  from  this 
connecting  point  out  into  the  harbor  to  the  North  Guzzle,  so  called. 
It  is  understood  that  the  plan  proposes  the  admission  of  storm 
water  into  the  sewei-s  from  the  main  street  of  the  town,  but  that 
elsewhere  it  is  to  be  excluded.  In  order  to  provide  for  the  dis- 
posal of  the  storm  water,  storm  overflows  from  the  marginal  sewer 
are  provided  at  four  points  along  the  shore. 

The  only  important  feature  in  which  the  Board  advises  a  change 
is  in  the  outlet  pipe,  which,  in  the  opinion  of  the  Board,  should  be 
•changed  so  as  to  reach  the  Guzzle  at  a  point  as  far  from  the  shore 
as  it  is  practicable  to  extend  the  pipe,  but  not  more  than  1 ,500  feet. 
The  limit  of  1,500  feet  is  mentioned  because  it  is  doubtful  if  a 
pipe  longer  than  this  could  be  kept  free  from  deposits.  In  making 
the  pipe  longer,  as  advised,  its  size  should  be  increased  to  14 
Inches,  which  will  not  only  offset  the  loss  of  capacity  due  to  the 
greater  friction  of  a  longer  pipe,  but  will  also  give  a  slight  addition 
to  the  capacity,  which  is  desirable. 

The  sizes  and  inclinations  of  the  intercepting  sewers  appear  to 
have  been  judiciously  chosen,  so  far  as  can  be  judged  from  the 
preliminary  plan  submitted.  These  sewers  of  necessity  are  placed 
at  a  low  level  as  compared  with  high  tide,  and  have  rather  low 
grades,  so  that  they  may  not  prove  wholly  self-cleansing,  but,  even 
if  they  should  not,  the  amount  of  care  required  to  keep  them  clean 
would  not  be  excessive.  The  cleaning  of  the  southern  branch  of 
the  intercepting  sewer  may  be  facilitated  by  the  construction  of 
an  inlet  as  large  as  the  sewer  itself  from  the  lower  millpond  on 
Town  Brook,  provided  the  millpond  is  at  a  sufficient  elevation, 
this  inlet  to  be  used  from  time  to  time  at  low  tide  for  flushing  the 
sewer. 

As  a  precaution  against  the  clogging  of  the  outlet  pipe  the  Board 
would  suggest  the  construction  of  a  small  chamber  at  its  upper 
end,  where  it  receives  the  sewage  from  the  intercepting  sewers. 
The  bottom  of  this  chamber  should  be  depressed  so  as  to  act  as  a 
settling  basin  and  catch  any  heavy  material  brought  down  by  the 
sewers.  It  could  be  built  in  the  street,  but  it  would  be  better  to 
<x>nstmct  it  just  outside  the  street  lines  and  make  it  easily  acces- 
sible.    A  gate  at  the  upper  end  of  the  pipe,  by  which  the  water  or 
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sewage  could  be  held  back  in  the  sewers  and  then  let  out  suddenly 
at  low  tide  to  flush  the  pipe,  would  be  an  advantage. 

Spencer.  The  superintendent  of  sewers  of  Spencer  ap- 
plied to  the  Board,  June  1,  1893,  for  its  advice  relative  to 
a  system  of  sewage  disposal  upon  land  in  the  valley  of  Seven 
Mile  River.     The  Board  Replied  as  follows :  — 

BosTOX,  Dec.  8,  I89S. 

The  Board  finds  from  the  statements  contained  in  your  applica- 
tion, and  from  the  examinations  made  by  one  of  its  engineers,  that 
the  topography  of  the  town  is  such  that  nearly  all  of  the  sewage 
can  be  collected  by  a  system  of  sewers  with  a  main  sewer  leading 
toward  the  Seven  Mile  River  at  a  point  south-westerly  from  the 
centre  of  the  town,  that  the  main  sewer  and  a  large  part  of  the 
tributary  sewers  of  this  system  have  already  been  built,  and  that 
the  sewage  is  now  discharging  into  the  river.  It  is  the  sewage 
from  this  main  system  which  you  propose  to  deal  with  at  present. 

The  sewers  already  built  are  for  the  most  part  intended  to  take 
sewage  only,  but  at  a  few  points  catch-basins  have  been  built 
through  which  considerable  storm  water  is  admitted  to  the  sewers ; 
and  there  is  also  a  considerable  amount  of  ground  water  finding 
its  way  into  them,  which  materially  increases  the  volume  of  sewage 
to  be  taken  care  of.  The  sewers  also  receive,  in  addition  to  the 
sewage  proper,  certain  waste  matters  from  the  gas  works  in  the 
town,  which  make  the  sewage  particularly  offensive  and  destroy 
the  vegetation  in  the  vicinity  of  the  sewer  outlet. 

The  town  is  situated  on  high  land,  and  the  main  sewer  falls 
rapidly  until  it  reaches  the  lower  land  bordering  the  river.  By 
intercepting  the  sewage  before  it  reaches  too  low  a  level  the  sew- 
age can  be  discharged  by  gravity  upon  land  at  a  sufficient  height 
above  the  river  for  sewage  filtration.  The  suggestion  has  been 
made  by  you  that  the  town  now  owns  ten  acres  of  gravelly  land 
near  the  river,  through  which  the  present  main  sewer  passes,  which 
might  be  used  for  the  disposal  of  sewage  by  intermittent  filtration  ; 
and  that  thei*e  are  also  about  three  acres  of  similar  land  adjoining 
the  town  lot  on  the  south  which  might  be  used  if  additional  area 
was  required. 

The  material  of  the  town  lot,  as  determined  by  several  test  pits 
and  by  an  examination  of  the  surface  of  the  ground,  is  of  suitable 
quality  for  the  disposal  of  sewage  by  the  method  suggested.  The 
proper  preparation  of  the  lot  for  sewage  disposal  would  involve 
the  removal  of  the  surface  loam  and  the  grading  of  the  land  into 
beds  of  suitable  size,  having  a  surface  of  porous  sand  or  gravel. 
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In  order  to  make  the  lower  portions  of  the  land  available  it  would 
be  necessary,  after  removing  the  surface  loam,  to  raise  them  by 
filling  with  porous  sand  or  gravel  to  a  level  six  feet  above  ordinary 
high  water  in  the  river.  The  filter  beds  which  have  surfaces  not 
more  than  8  feet  above  the  river  should  be  underdrained.  By  tak- 
ing the  sand  or  gravel  for  this  filling  from  the  higher  portions  of 
the  land  and  by  building  a  few  hundred  feet  of  sewer  in  Main 
Street,  so  that  the  sewage  will  reach  the  lot  at  a  higher  level,  it 
will  be  feasible  to  utilize  all  of  the  gravelly  land,  including  the 
three  acres  lying  south  of  the  town  lot. 

It  is  desirable  to  restrict  as  far  as  practicable  the  amount  of 
^  sewage  to  be  taken  care  of,  and  in  order  to  do  this  the  surface 
water  which  now  enters  the  sewers  through  the  catch  basins  in  the 
streets  should  be  disposed  of  in  some  other  way.  It  is  also  desir« 
able  to  diminish  the  amount  of  ground  water,  if,  upon  examination, 
it  should  be  found  feasible  to  do  so.  Should  any  large  amount  of 
ground  water  be  found  to  enter  the  main  sewer,  or  should  it  be 
found  desirable  to  continue  to  dispose  of  the  storm  water  through 
underground  channels,  it  may  be  best  to  lay  a  new  main  sewer  of 
much  smaller  size  than  the  present  one  to  take  the  sewage,  reserv- 
ing the  present  main  sewer  for  the  discharge  of  surface  and  ground 
water.  The  surface  water  which  would  naturally  flow  from  adjacent 
high  land  upon  the  filter  beds  should  also  be  collected  and  disposed 
of  in  such  a  way  that  it  will  not  tend  to  saturate  the  beds.  It  may 
be  feasible  to  turn  this  water  into  the  lower  portion  of  the  present 
main  sewer  below  the  point  where  the  sewage  will  be  diverted  from 
it  to  the  filter  beds. 

It  may  be  said,  with  regard  to  the  disposal  of  the  sewage  of  the 
town  by  intermittent  filtration,  that  it  is  not  probable  that  the 
results  will  be  satisfactory  unless  the  wastes  from  the  gas  works 
are  excluded  from  the  sewers,  or,  before  being  admitted,  are 
treated  in  such  a  way  as  to  make  them  inoffensive,  and  to  remove 
all  tarry  or  oily  substances  which  would  tend  to  clog  the  filter  bed. 

The  area  of  suitable  land  at  the  town  lot  and  the  lot  adjacent  to 
it  is  smaller  than  is  desirable,  considering  the  large  amount  of 
ground  water  which  finds  its  way  into  the  sewers,  and  the  increas- 
ing quantity  of  sewage  which  will  enter  the  sewers  as  they  are  ex- 
tended and  the  town  increases  in  population.  If  the  ground  water 
conld  be  excluded  from  the  sewers,  the  area  would  be  sufficient 
nntil  the  population  of  the  town  is  considerably  larger  than  at 
present. 

In  view  of  the  somewhat  limited  area  of  land  available  at  and 
near  the  town  lot,  examinations  were  made  to  determine  whether 
additionid  land  was  available,  and  a  tract  was  found,  lying  in  a 
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south-westerly  direction  from  the  town  lot,  between  the  BrooMeld 
road  and  the  river,  just  beyond  the  cemetery,  which  appeared 
from  a  surface  examination  to  be  suitable  for  sewage  filtration. 
This  land  is  considerably  higher  than  the  river,  but  it  is  lower  than 
the  main  sewer  in  Main  Street,  a  short  distance  from  the  town 
lot,  and  the  sewage  could  be  conveyed  to  it  through  an  iron  pipe 
which  would  run  full  and  under  pressure.  The  lowest  point  in 
this  pipe  would  be  at  the  corner  of  Meadow  and  Main  streets, 
nearly  opposite  the  town  lot,  so  that  the  pipe  could  be  emptied 
frequently  upon  filter  beds  on  the  town  lot,  and  thus  kept  clean. 
This  tract  of  land  is  of  suitable  quality,  and  probably  other  land 
in  this  vicinity  could  be  made  available  for  the  disposal  of  sewage. 

While  the  town  lot  has  a  decided  advantage,  owing  to  its  pres- 
ent ownership  by  the  town  and  the  ease  with  which  sewage  can 
be  turned  upon  it,  it  will  obviously  be  quite  expensive  to  grade  it 
and  the  small  lot  south  of  it  so  that  the  whole  area  of  these  lots 
will  be  available  for  sewage  disposal,  and  unless  the  amount  of 
sewage  is  materially  diminished  by  the  exclusion  of  ground  water, 
it  will  be  necessary  to  provide  additional  filtering  area  before  long. 
It  is  therefore  recommended  that  the  town  lot  should  not  be  finally 
adopted  as  the  only  site  for  filter  beds  until  the  other  tract  of  land 
beyond  the  cemetery  has  been  more  carefully  investigated,  by 
digging  test  pits  to  ascertain  if  the  material  is  porous  and  suitable 
for  filtration  ;  and,  if  so,  whether  it  will  not  be  cheaper  to  prepare 
the  required  area  of  filter  beds  partly  at  the  town  lot  and  partly  at 
the  lot  beyond  the  cemetery ;  or,  if  not  cheaper,  whether  it  may 
not  be  desirable  to  control  this  second  lot  from  the  beginning,  so 
as  to  have  an  opportunity  to  extend  the  filter-beds  whenever  it 
becomes  necessary. 

When  you  have  the  results  of  further  surveys  and  estimates,  or 
more  definite  plans  of  sewage  disposal  to  submit,  the  Board  will 
advise  you  further  in  this  matter. 

The  Board  is  of  the  opinion  that  the  discharge  of  the  sewage 
directly  into  the  Seven  Mile  River  should  be  discontinued. 

Westborough.  The  committee  on  sewerage  of  the  town 
of  Westborough  presented  a  general  plan  for  the  sewage 
disposal  of  the  town,  Feb.  3,  1890,  which  the  Board  approved 
(Senate  Document  4,  1891,  page  18).  By  a  general  Act  of 
the  Legislature  of  1890,  chap.  124,  it  was  provided  that 
land  might  be  taken  for  sewage  disposal  with  the  approval  of 
the  State  Board  of  Health  after  a  public  hearing.  Under  the 
provisions  of  this  Act  the  selectmen  applied  to  the  Board 
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June  22,  1891.  A  hearing  was  held  July  7,  1891,  and  the 
location  submitted  by  the  town  was  approved  by  the  Board, 
July  8,  1891  (Senate  Document  4,  1892,  page  49). 

In  the  following  year,  April  16,  1892,  the  selectmen  of 
Westborough  presented  a  plan,  which,  aflter  due  consider- 
ation, the  Board  deemed  unsatisfactory  and  expressed  such 
opinion  in  a  communication  to  the  selectmen,  Nov.  3,  1892 
(Senate  Document  4,  1893,  page  6),  stating  the  conditions 
essential  to  success. 

The  selectmen  again  applied  to  the  Board,  Sept.  18,  1893, 
stating  that  the  advice  of  the  Board  had  not  been  carried  out, 
and  requesting  the  Board  to  "make  an  examination  of  the 
present  sewage-disposal  works  of  Westborough  and  advise 
the  town  further  in  the  matter  of  sewage  disposal."  The 
Board  replied  as  follows :  — 

Boston,  Oct.  26, 1893. 

In  compliance  with  this  request  the  Board  has  caused  an  exami- 
nation of  your  present  works  to  be  made  by  one  of  its  engineers. 
He  finds  that  you  have  prepared  filter-beds,  having  an  area  of  a 
little  more  than  two  acres,  by  filling  porous  sand  and  gravel  to  a 
depth  of  from  one  to  two  and  a  half  feet  upon  land  from  which 
the  greater  part  if  not  all  of  the  loam  had  been  removed.  From 
an  examination  by  means  of  test  pits  dug  at  various  points  in  the 
filter  beds,  be  finds  that  the  material  beneath  the  upper  porous 
layer  is  an  extremely  fine  sand  which  not  only  remains  saturated 
with  water,  but  also  keeps  the  porous  material  above  it  saturated 
for  weeks  after  the  discharge  of  sewage  upon  it  has  ceased.  These 
conditions  are  unsuitable  for  the  purification  of  sewage ;  and  a 
very  small  quantity  of  sewage  only  could  be  disposed  of  upon 
these  shallow  beds  if  they  were  underdrained. 

It  was  also  found  that  a  portion  of  the  sewage  was  disposed  of 
by  being  turned  into  a  gravel  pit,  near  the  carrier,  until  the  sewage 
stood  in  the  pit  to  a  depth  of  several  feet,  when  it  filtered  into  the 
ground  quite  rapidly,  and  the  water  reappeared  in  the  form  of  a 
spring,  a  short  distance  away,  clear  but  not  thoroughly  purified. 
It  is  highly  improbable  that  this  method  of  disposal  would  continue 
to  give  even  as  good  results  as  at  present  for  any  long  time  in  the 
future  if  any  large  proportion  of  the  sewage  should  be  turned  into 
this  pit.  The  rapidity  with  which  the  sewage  disappears  shows 
that  the  ground  is  porous  in  this  vicinity,  and  that  a  good  filter- 
bed  might  be  prepared  here  which  would  successfully  dispose  of  a 
portion  of  the  sewage. 

In  reply  to  a  previous  application  made  by  your  board,  the  State 
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Board  of  Health  sent  to  you  on  Nov.  3,  18U2,  a  communicatioa 
containing  its  advice  in  a  general  way  as  to  what  the  town  should 
do  to  properly  dispose  of  its  sewage.  This  advice,  which  the 
Board  has  no  reason  to  modify,  is  as  follows  :  — 

The  Board  ....  advises  that  the  town  should  prepare  filter- 
beds  having  a  total  area  of  not  less  than  five  acres  for  the  disposal  of  its 
sewage.  These  beds  should  consist  of  sufficiently  porous  material  to 
properly  filter  the  sewage,  and  if  of  such  a  character  or  so  situated  that 
the  ground-water  level  will  not  remain  at  least  five  feet  below  the  sur- 
face of  the  beds,  they  should  be  efficiently  underdrained. 

The  most  economical  method  of  preparing  beds  such  as  are  here  de- 
scribed is  a  matter  which  requires  investigation.  K  a  portion  of  your 
land  can  be  found  where  there  are  two  or  three  feet  of  porous  material 
above  the  level  of  the  water  in  the  Assabet  River,  the  required  height  of 
filter-bed  can  be  obtained  by  filling  gravel  upon  this  portion  after  the 
loam  or  any  other  layer  of  very  fine  material  which  may  be  found  has 
been  stripped  from  it  K  such  land  as  is  here  described  cannot  be  found, 
it  may  then  be  necessary  to  prepare  beds  by  cutting  down  some  of  the 
higher  gravelly  land  to  the  proper  level,  and  filling  the  excavated 
material  upon  the  low  land,  both  the  excavated  and  filled  areas  being 
used  for  filtration.  ITie  character  of  the  material  l}ing  on  the  easterly 
side  of  a  narrow  swamp,  and  also  easterly  from  the  tract  belonging  to  the 
town,  appears  to  be  of  suitable  quality  for  the  construction  of  filter-beds 
by  the  last  described  method. 

The  Board  cannot  give  you  any  more  specific  advice  than  that 
above  given  as  to  what  should  be  done,  because  it  is  not  feasible 
from  such  examinations  as  are  made  by  its  engineers  to  obtain  the 
accurate  data  upon  which  such  advice  should  be  based  in  order  to 
avoid  wasteful  expenditures  and  unsatisfactory  results. 

What  you  should  therefore  do  is  to  employ  some  engineer  skilled 
in  this  class  of  work  to  make  plans  of  all  the  territory  which  may 
be  used  for  sewage  disposal,  showing  the  height  of  the  ground,  the 
level  of  the  water  in  the  ground  and  the  location  of  the  test  pits, 
which  should  be  sunk  at  frequent  intervals  and  to  a  sufficient 
depth  to  determine  accurately  the  character  of  the  material  at  dif- 
ferent places  with  reference  to  its  porosity.  He  should  also  deter- 
mine where  and  how  filter-beds  can  be  constructed  at  a  minimum 
cost,  which  will  at  least  meet  the  requirements  contained  in  the 
former  reply  of  the  Board. 

If  you  should  decide  to  make  such  investigations  the  Board  will 
direct  its  engineers  to  co-operate  with  your  engineer  in  the  matter 
of  determining  the  suitability  of  materials  obtained  from  test  pits 
for  filtering  sewage ;  and  when  the  investigation  is  far  enough 
advanced  and  new  plans  are  presented  the  Board  will  advise  you 
farther  regarding  them. 
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EXPLANATORY  NOTE. 

The  systematic  examination  of  the  water  supplies  of  the  State  was  begun 
Jane  1, 1887,  and  has  been  continued  up  to  the  present  time.  The  results  for 
the  years  previous  to  1893  have  been  published  in  four  reports,  as  follows: 
June  1,  1887,  to  May  31,  1889,  in  the  Special  Report  of  the  Board  upon  the 
Examination  of  Water  Supplies  (1890) ;  June  1, 1889,  to  Dec.  31, 1890,  in  the 
Twenty-second  Annual  Report  of  the  Board  for  the  year  1890 ;  for  the  years  1891 
and  1892,  in  the  Twenty-third  and  Twenty-fourth  Annual  Reports  of  the  Board 
for  those  years.  The  present  (Twenty-fifth  Annual)  report  contains  the  results 
for  the  year  1893. 

The  first  of  these  reports  contained  a  description  of  each  of  the  water  sup- 
plies in  the  State  existing  at  the  date  of  that  report.  The  later  reports  have 
described  only  new  works  and  changes  in  existing  works. 

An  alphabetical  arrangement  by  towns  has  been  adopted  in  this,  as  in  previ- 
ous reports.  Sources  of  water  supply  arc  tabulated  under  the  name  of  the  town 
supplied,  other  waters  under  the  name  of  the  town  in  which  they  are  situated. 
The  analyses  of  water  from  the  larger  rivers  not  used  as  sources  of  water  supply 
are  given  in  a  subsequent  tabulation,  headed  **  Examination  of  Rivers.^^ 

The  chemical  examinations  in  this  report  were  made  in  the  same  manner  as 
beretofore,  and  are  presented  in  the  tables  in  the  same  form  as  in  the  last  report, 
except  that  a  new  determination, "  Oxygen  Consumed,"  has  been  added.  This 
determination  has  been  made  for  all  waters  this  year,  and  appears  in  the  tables 
of  analyses  for  the  first  time.  Owing  to  the  space  occupied  by  the  column  of 
** Oxygen  Consumed,"  the  **date  of  examination"  of  the  samples  has  been  omit- 
ted from  the  tables.  The  samples  are  usually  received  at  the  laboratory  from 
twenty-four  to  forty-eight  hours  after  collection. 

All  surface  water  and  such  samples  of  ground  water  as  contain  suspended 
nuitter  are  filtered  through  filter-paper  before  determining  the  color,  the  residue 
OQ  evaporation  and  the  albuminoid  ammonia  in  solution.  Some  ground  waters 
which  are  perfectly  clear  and  colorless  when  drawn  from  the  ground  become 
turbid  and  colored  on  standing,  in  consequence  of  the  oxidation  of  the  iron  which 
they  contain.  In  these  waters  the  residue  on  evaporation  is  determined  without 
filtration,  since  this  iron  is  an  essential  and  not  an  accidental  ingredient  in  the 
Water.  In  the  changes  which  accompany  the  oxidation  of  the  iron  in  waters  of 
this  character,  they  become  first  cloudy  (well  described  by  the  word  milky)  and 
tually  deposit  a  precipitate  of  oxide  of  iron.  In  the  cloudy  condition  they  have 
t  distinct  color,  which,  while  it  does  not  have  the  same  significance  as  in  the 
eue  of  surface  waters  and  is  only  a  passing  phenomenon,  is,  nevertheless,  of 
liteest  as  showing  a  color  which  the  water  may  assume  while  the  oxidation  of 
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the  iron  is  in  progress.  When  the  iron  is  all  oxidized  and  precipitated  the  water 
may  become  colorless  again.  Explanatory  notes  will  be  given  for  waters  of 
this  kind  in  connection  with  the  tables  of  analyses. 

The  color  of  water  is  expressed  by  numbers  which  increase  with  the  amount 
of  color.  The  standard  used  is  nesslerized  ammonia,  as  described  on  page  531  of 
the  Special  Repoit  upon  the  Examination  of  Water  Supplies,  1890,  and  on  page 
329  of  the  Annual  Re|>ort  for  1S93.  Boston  water,  as  drawn  from  a  tap  at  the 
Institute  of  Technology,  has  had  an  average  color  for  six  years  of  0.43.  Other 
water  supplies  in  the  State  have  had  an  average  color  of  from  0  to  1.45. 

In  cases  where  examinations  of  a  source  have  been  made  with  considerable 
regularity  for  several  years,  the  averages  of  the  results  of  the  chemical  analyses 
of  previous  years  are  appended  to  the  tables  of  analyses  for  1893. 

In  the  microscopical  examination  of  water  there  has  been  no  change  in  the 
method  employed  since  Nov.  6,  1890.  This  method  was  fully  described  in  the 
Twenty-third  Annual  Report  of  the  Board  for  the  year  1891  (pages  395-421). 
Before  Nov.  6,  1890,  the  methods  employed  were  less  perfect,  so  that  a  smaller 
proportion  of  the  total  number  of  organisms  present  in  the  water  was  separated 
from  it  and  observed  under  the  microscope;  and,  before  drawing  conclusions 
from  a  comparison  of  the  microscopical  examinations  of  waters  made  before  and 
after  this  date,  the  explanatory  note  on  page  70  of  the  Twenty-second  Annual 
Report  for  1890  should  be  read. 

To  indicate  the  amount  of  the  so-called  Zodglcea  observed,  the  number  of 
individual  masses  is  not  counted,  but  an  area  equal  to  2,500  square  microns,  or 
.0025  square  millimeters,  has  been  adopted  as  an  arbitrary  unit. 

In  publishing  the  results  of  the  microscopical  examinations  the  same  system 
is  followed  as  last  year.  The  plants  observed  are  classified  in  four  groups, 
viz. :  Diatomaceas,  Cyanophyceae,  Algae  and  Fungi.  The  Animals  observed  are 
grouped  as  Rhizopoda,  Infusoria,  Venues  and  Crustacea. 

The  names  of  the  different  genera  in  each  group  are  given  with  the  numbers 
of  each  per  cubic  centimeter,  except  that,  to  avoid  making  the  tables  excessively 
long,  they  are  omitted  when  present  only  in  very  small  numbers.  It  is  not 
feasible  to  make  with  regard  to  omissions  a  single  rule  which  will  apply  to  all 
cases,  because  it  is  desirable  to  include  smaller  numbers  of  animals  than  of 
plants,  and  of  the  larger  animals  than  of  animals  generally.  Moreover,  there 
are  exceptional  cases  in  which  it  is  desirable  to  indicate  the  presence  of  even 
very  small  numbers  of  the  more  important  plants  or  animals.  Two  general 
rules,  however,  have  been  adopted  in  printing  the  results,  namely :  — 

1.  All  genera  of  Plants  are  included  in  which  the  total  number  observed  in 
twelve  months  amounts  to  6  or  more  per  cubic  centimeter,  or  in  other  words 
averages  as  much  as  0.5  per  month. 

2.  All  genera  of  Animals  are  included  in  which  the  total  number  observed 
in  12  months  amounts  to  1.5  or  more  per  cubic  centimeter. 

The  larger  microscopic  animals,  such  as  some  of  the  Crustacea,  are  included, 
even  when  present  only  in  very  small  numbers. 

Fractions  are  generally  omitted  from  the  table,  the  nearest  whole  number  of 
organisms  per  cubic  centimeter  being  given.  Where  the  total  number  of  organ- 
isms observed  is  0.5  or  less,  the  fact  that  the  organism  was  present  is  usually 
indicated  by  the  abbreviation  '*  pr.,''  but  in  the  case  of  the  larger  organisms  very 
small  fractions  are  given. 
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AMESBCBT. 

Watee  Supply  of  AMESBCBr.  —  Powow  Hill  Water  Compakt. 
Ckemieal  Examination  of  Water  from  Ike  Work*  of  the  Powow  Bill  WaUr  Company. 
[PuU  p«r  liM,oaa.] 
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Water  Supply  of  Akdover. 
Chemical  Examination  of  WaUrfrom  Haggeiet  Pond,  Andover. 
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Microscopical  Examination  of  Water  from  HaggetCi  Fond,  Andover. 

[JTombtr  o'  Or|BDkin«  par  niUo  flanlliiHUrpJ 
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Water  Supply  of  Arlington. 
The  advice  of  the  State  Board  of  Health  to  the  town  of  Arling- 
toD  relative  to  obtaining  an  additional  water  supply  for  the  town 
and  improving  the  quality  of  the  present  supply  may  be  found  on 
pages  9-12  of  this  volume.  For  analyses  of  samples  of  water  Avm 
the  wells  mentioned  in  the  reply  to  the  town  see  the  twenty-fourth 
annual  report  for  1892,  pages  81-82.  Additional  analyses  of  water 
from  theae  welU  were  made  in  1893,  and  are  given  in  tbis  report  oo 
page  97. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES.  97 

ABZilMGTON. 

CKemieal  Examination  of  Water  from  Ihe  Brook  just  above  the  Storage  Seservoir 
of  the  Arlington  Water  Works. 
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Microicopical  Examination. 
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Cktmieal  Examination  of  Water  from  Tubular  Test  Wella  at  East  Lexington. 
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A8HBCK^'HAH. 

Chemical  Examitiation  of  WaUrfrom  Upper  Naukeag  Pond,  Athburnham. 


•s 

I 

A^..»«.. 

Ev* 

^i:." 

A>«o«.. 

1 

.10 

""S"" 

I 

.IMO 

f 

1 

1 

1 

]• 

1 

1 

1 

1 

i 

u 

! 
1 

»wo 

isn. 

Itar.V 

Slight. 

B[lcbt. 

o.w 

LtB 

..« 

.oa»:.oo«IJ.«,. 

,MI!0 

...0. 

... 

WKt 

Apr.W 

Slllht. 

Slllht. 

0.10 

l.Tfi 

O.Ii 

-MW.OlM^.OOW.Wlg 

.u 

.m.«». 

.1«M  D.0 

1061* 

Adk.IS 

SUibi. 

V.illibl. 

O.OB 

l-W 

O.M 

.CWO,*>1.00«I,.WK 

.11 

.(KKM.aiKN) 

.am  O.J 

^  , 

... 

1.BT 

O.TS 

OOIO  ™iu'  ai-l'  001! 

"" 

MIO    0000 

IU3    0  t 

—  Th«  uaplH  war*  oollMted  tram  Uw  pond  about  Una  r*M  bi 


Mierotcopieal  Escamituaion  of  Water  from  Upper  Kauktag  Pond,  AiAburnham. 
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AftHBUBNHAM. 

Microscopical  Examination  of  Water  from  Upper  Naukeag  Pond^  A8?ibumhafn, 

—  Concluded. 
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Water  Supply  of  Attleborough. 

In  April,  1892,  the  town  of  Attleborough  introduced  water  from  a 
Lew  source  and  abandoned  its  former  source  of  supply  near  the  Ten 
Mile  River,  in  the  thickly  settled  portion  of  the  village. 

The  new  source  of  supply  is  a  large  well  about  one  hundred  and 
fifty  feet  from  Seven  Mile  River,  just  above  Orr's  Pond,  —  a  mill 
pond  at  the  confluence  of  Seven  Mile  River  and  Four  Mile  Brook. 
The  well  is  thirty  feet  in  diameter  at  the  top  and  twenty-five  feet 
deep.     For  the  first  five  feet  the  material  removed  was  a  coarse 
compact  gravel  of  a  reddish  tint.     Beneath  this  was  a  stratum  from 
two  to  six  inches  in  thickness  consisting  of  particles  of  coarse  sand 
closely  cemented  together,  and  having  a  color  somewhat  resembling 
iron  rust.     Below  this  stratum  to  the  bottom  of  the  well,  twenty- 
five  feet  beneath  the  surface,  the  material  was  a  coarse  sandy  gravel 
ID  which  no  quicksand  or  very  fine  sand  was  found,  and  no  stones 
of  a  greater  diameter  than  eight  inches.     At  the  bottom  of  the  well 
the  material  was  very  coarse. 

A  tabular  well  one  and  one-fourth  inches  in  diameter  was  driven 
to  a  farther  depth  of  twenty-five  feet  below  the  bottom  of  the  well, 
without  striking  rock. 

The  walls  of  the  well  are  of  stone  for  a  height  of  ten  feet  above 

the  bottom,  the  first  eight  feet  being  laid  without  mortar.     Above 

the  stone  work  the  walls  are  of  brick  masonry  sixteen  inches  in 

thickness  for  a  height  of  eight  feet  and  twelve  inches  in  thickness 

Sot  the  remaimng  ten  feet,  bringing  the  top  of  the  wall  about  Wvt^^ 
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feet  above  the  surface  of  the  grouod.  Light  ia  excladed  from  the 
well  by  a  wooden  roof.  A  direct  connection  hae  been  made  with 
Orr's  Pond  for  use  in  cases  of  emei^ncy.  Water  is  pumped  from 
the  well  to  the  distributing  system  and  to  a  covered  iron  tank. 

During  construction  this  well  is  said  to  have  yielded  water  very 
freely. 


Chemical  Examinalion  of  Water  from  the  Well  of  the  AUleborough 
[P*nap«riai,<nD.] 
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Microscopical  Examinalion. 
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Watbh  Sopplt  op  Belmont. 

(See  Watertoum.) 
(3ttmiaU  Examination  of  Water  from  Clematis  Brook  in  BelmonL 

[Pull  pw  l«a,OM.] 
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Watbb  Supply  of  Bevehlt. 
(See  Salem.} 


Blackstoke. 
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Upper  Ironstone  Reservoir,  in  Uxbridge,  and  from  Angelica  Brook  in  Black- 


[P.rta  p«r  iOO.OTO 

] 

i 

1 

1 

"zv""™.;." 

lIMOKIi. 

g 

»"K"" 

! 

1 

1 

j 

1 

i 

J 
P 

1 

j 

1 

\ 

i  1 

i 

=5 

\ 

tm 

lUt 
IISU 

Nonf. 

alight. 

;::K: 

S 

3:" 

a 

ioixv 

.onis 

1 

s 

1 

"oooo  iaw 

.OOOO   .101. 

oii 

Odor  at  M  iwnplH,  maUbU. Tha  umpUa  war*  oollaeiad  u  followc  — No.  ll.M>,  from 

wiws  Brook  at  tha  uw  mill  dam  In  Ilibildga  abont  half  a  mlla  aboTS  the  point  wtwra  tfaa  brook  la 
CMMdbr  Iba  Kaw  York  and  NawEsgland  Railroad  Ko.  II.MI,  tram  Angelica  Bnxik  lail  alwra  Iha 
Mlwbaralt  la  anaaad  by  tha  Now  Tork  and  Ksk  Btigland  (Ullnwd;  tlil>  brook  !■  a  amall  •tream 
*Uckaura  th«  BlackatOM  Bivar  tram  the  loulb  Jnat  balow  tb«  village  of  MlllTllla  In  Blackitooa.  No. 
•Wrroulnwalona  Brook  Jnil  aboie  the  point  w bare  U  enlere  the  lowtr  Ironilone  ReterToIr;  Ho. 
lUU  hoiD  tbo  upper  IroDitone  HaHrroIr  In  Iha  Tldnltj  of  Iha  boundarr  Hoe  batween  UaiaaohnaeUa 
M  Bhoda  lalasd.  Tha  aamplaa  ware  colleotad  dnilog  an  InveatlgatloD  tor  a  water  inppl;  lor  Iba 
*'*i  of  BlaehatODa. 

Microscopical  Examination. 
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Watbe   SUPPLr   OF   BOBTON. 

Tbe  priDcipot  change  id  the  conditions  sffedting  the  chRracter  of 
the  Boston  water  supply  tluring  1893,  ia  the  filtration  of  the  water 
of  Pegan  Brook  through  carefully  prepared  filter-beds  of  large  area. 
before  it  Is  discharged  into  Lake  Cochituate.  This  brook  drains  tbe 
central  portion  of  the  town  of  Natick,  which  has  no  sewerage  system. 

The  extension  and  increased  use  of  the  sewerage  systems  in 
Framingham,  Marlborough  and  Westborough,  has  caused  a  still 
greater  proportion  of  the  sewage  of  these  towns  to  be  ramoved  from 
the  watershed  of  the  Sudbury  River  than  was  tbe  case  last  year. 

The  works  of  the  Jamaica  Pond  Aqueduct  Company  were  par- 
chased  by  the  city  of  Boston  at  tbe  end  of  1892,  and  the  supply 
from  this  source  has  been  permanently  discontinued. 

SuDBDRY  RiTER  Sdpfly.  —  Chtmical  Examination  of  Water  firom  Cold  Sprinff 

Brook,  at  Bead  of  Reservoir  No.  4,  Athland. 
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RiVEB  SvPFLY.  —  Chemieat  ExamiruUion  of   Water  from  Seiervoir 
No.  2,  Framingham. 
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Mtstic  Supply. — Microteopieal  Examination  of  Water  from  Mystic  Lake. 

[Nombtr  of  orguiljnu  p«r  cable  MDUmeUi'.] 
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BOSTON. 

Mtstic  Supply. —  (^temteat  ExaminaHon  of  Water  from  Myttxc  Lake,  of  Vcariout 

DepOu. 

[Faiup«rin)/m).] 
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Mtstic  Supply.  —  Mieroteopical  Examination  of  Water  from  Mystic  Lake,  at 
Various  Depth*. 
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BOSTON. 

Himc   SuFPLT. — Chemicai  Examinalion  of  Water  from  a  Faucet  in  Everett 

supplied  from  the  MyHie  Works. 

[P>ni  p«[  loo/MM.] 
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IWc  showing  the  Average  Monthly  Heighis  in  Feet  above  Tide-marsh  level  of  the 
Water  in  the  Lakes  and  Storage  Reservoirs  of  the  Boston  Water  Works,  from 
vhieh  Samples  of  Water  were  eoUecled  during  the  Year  1893. 
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bkadfobd. 

Water  Supply  of  Bradford.  —  Bbadfobd  Wateb  Compant. 
Chemical  Examination  of  Water  from  lAe  Weill  of  the  Bradford  WaUr  Compantf. 

[PirU  par  100,IMa.] 
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It  iu  probable  that  the  water  of  these  wells,  as  it  cornea  from  the 
ground,  is  nearly  or  quite  clear  and  colorless,  but,  owing  to  the 
oxidation  of  the  iron  which  it  contains,  it  qaickly  becomes  turbid 
and  colored.     The  particles  of  oxide  of  iron  which  give  the  tarbidity 
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to  the  water  are  at  first  so  very  fine  that  they  communicate  to  the 
water  a  milky  appearance  which  cannot  be  removed  by  filtration, 
and  the  effect  of  it  is  to  make  the  water  appear  colored  aa  if  from 
dissolved  coloring  matter.  When  the  oxidation  of  the  iron  is  com- 
plete, a  rusty  precipitate  usually  forms  and  the  supernatant  or 
filtered  water  is  again  clear  and  colorless.  Any  record  of  turbidity, 
sediment  or  color,  while  the  oxidation  of  the  iron  is  in  progress, 
relates,  therefore,  to  a  passing  phenomenon,  but  is  nevertheless  of 
interest  as  showing  a  condition  which  the  water  may  assume  ;  these. 
records  cannot,  however,  be  considered  as  indicating  the  compara- 
tive character  of  the  water  from  month  to  month,  because  they 
depend  so  largely  upon  the  extent  of  the  oxidation  of  the  iron  at 
the  time  they  were  made.  The  presence  of  iron  affects  the  deter- 
mination of  the  "  oxygen  consumed,"  and  the  results  of  this 
determination  as  given  in  the  tables  are  in  consequence  all  a  little 
higher  than  they  would  otherwise  be.  A  progressive  deterioration- 
of  this  water,  as  compared  with  previous  years,  will  be  noted.  The 
o^oic  matter,  as  shown  by  the  albuminoid  ammonia,  and  the 
product  of  its  decomposition,  as  shown  by  the  free  ammonia,  are- 
decidedly  on  the  increase. 


Mknacopical  Examination  of  Water  from  the  Wdls  of  (he    Bradford   Water 
Company. 

[Saabat  ot  orgtulim*  p*r  eabic  centlcwlar.) 
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bbaintree. 

Water  Supply  of  Braintree. 

Chemical  Jixaminaiion  of  Water  from  the  FiUer-gailery  of  the  Braintree  Water 
Works. 
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BBAINTBEE. 

Chemical  Examination  of  Water  from  Little  Pond,  Braintree. 

[PbiU  par  lOO.nOO.] 
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Microaeopical  Examination. 

Th*  lolal  DDmbar  of  oriaDlimi  par  enbla  cantlmetar  found  In  each  of  tluaa  lamplai  wu  ai  followa : 
!■  Haj,  ta.  oblafl;  DUUotnaaa:  In  Aagnat,  1«,  ofalaflj  Atgm;  \a  Beplsmbai,  «3,  chJifly  Atga  and 


Water  Supply  op  Bkidgbwater  and  East  Bridgewater.  — 
The  Bridgewaters  Water  Co. 
In  1892,  the  works  of  this  company  for  collecting  ground  water 
were  again  enlarged  by  sinking  five  additional  six-inch  tubular  welle 
in  the  low  ground  between  the  present  works  and  the  river.  The 
neir  wells  are  located  in  a  line  parallel  to  the  river,  and  are  said  to 
range  from  100  to  160  feet  in  depth.  Water  is  pumped  from  these 
Wells  by  means  of  an  auxiliary  pump  into  one  of  the  large  wells  near 
tbe  pumping  station.  , 
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BRrDGEWATBB  AKU  lEAST  BBISOBWATER. 

Cftemfco/  Examinalion  of  Water  from  the   Welb  of  (he  Bridgewateri   Water 
Company. 

IPsrta  par  100,000.] 
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Microscopical  Examination  of  Water  from  the  Wells  of  the  Bridgewalers  Water 

Company. 
[Knmbar  o/  orguilaiiia  par  cQbU  eaDiImaiar.] 
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BBIDGEWATEB  JLSD  EAST  BBIDGBWATSB. 

Gtemieai  Examinalion  of  Water  from  the  Town  River  at  Bridgewater,  opposite  the 
Well*  of  the  Bridgewatera  Water  Company. 

[p>TU  paMoa,aoo.i 
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Microaeopical  Examination. 
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Water  Sdpplt  of  Brockton. 

Examination  of  Water  from  Salisbury  Brook  at  the  Point  where  it  enter* 
the  Storage  Reetrvoir  of  the  Brockton  Water  Work». 

[Part*  POT  lOO.OOO.] 
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Chemical  ExamimUion  of  WaUrfrom  Salisbury  Brook  Storage  Reaervoir,'  Broekion. 

[ParU  par  100,000.] 
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Aeration. 
ProTision  was  made  in  the  year  1891  for  aemtiDg  the  water 
npplied  to  the  city  of  Brockton  by  forcing  air  into  it  through  a 
^jiieni  of  perforated  pipes  laid  near  the  bottom  of  the  iron  tank,  as 
dneribed  in  the  Annual  Report  of  this  Bonrd  for  1892,  page  110. 
Iba  tuk  is  62  feet  in  diameter  and  59  feet  4  inches  in  height,  and  is 
■pm  at  the  top.  In  the  following  table  is  given  a  compnrison  of 
■■lyMB  of  BsmpleB  of  water  collected  as  it  cornea  from  the  reservoir 
lid  after  aeratioa  in  the  tan  k. 
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Gmtpariton  of  Examinations  of  Water  from  the  BrockUm  Water  Works  before 

and  after  Aeration  in  the  Open  Tank. 

NoTS.  —  Fleam  In  bold-fhce  tjpe  tbow  niuIU  of  exunlniiioii*  befbn  aetatlon.    FlgniM  In 

BonuD  type  ihaw  niulu  of  ciKinlDMlon*  Bfter  HrsUon. 

[Piru  par  100.000.] 
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TabU  shotoing  Height  of  Water  in  Saliabury  Brook  Storage  Setervoir,  Brockton, 
on  Datet  when  Sample*  of  Water  were  colUcled  for  Analytis. 
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Oiemcal  Examination  of  Water  from  an  Underdrain  beneath  the  Main  Sewer  at 
Brockton. 
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Mieroaeopical  Examination. 
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Water  Supply  op  Brooktield. 


Chemical  Examination  of  Water  from  the  Brookfield  Water  Works. 

[ParU  per  100,000.] 
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Odor,  none;  becoming  faintly  vegetable  on  heating.  The  sample  waa  eoUected  from  a  hydrant. 
The  aonroe  of  supply  Is  a  storage  reservoir  located  upon  a  small  brook.  This  is  not  a  represantatlve 
sample  of  the  water  aa  it  entera  the  plpaa  from  the  reservoir. 

Microscopical  Examination* 

Diatomaceae,  (Vc/d<«//a,  2.  Cyanophyceae,  i/eri«mop0d<a,  3.  Alg«,  CS{o«<«r<iim,  1;  /Votococcii«,4; 
Staurattrumtl,    Fnng\,  CrenothHx,  U.    Vermes,  i2o<</«r,  1.    Miacellaneoua,  Zo^^toa,  412.    Total,  606. 


Water  Supply  of  Brookline. 

An  important  addition  was  made  to  the  Brookline  Water  Works 
in  1893  by  the  completion  of  a  covered  distributing  reservoir,  which 
resembles  in  its  general  design  the  covered  reservoir  constructed  by 
the  city  of  Newton  in  1890  and  described  in  the  twenty-third  annual 
report  of  this  Board  for  1891,  page  185.  The  new  reservoir  is  a  rect- 
angular chamber  ninety-three  feet  four  inches  long,  ninety-one  feet 
four  inches  wide  and  nineteen  and  one-half  feet  deep.  The  walls  are 
of  rubble  masonry,  coated  on  the  inside  with  a  layer  of  Portland 
cement  mortar,  one-half  an  inch  in  thickness.  The  covering  con- 
sists of  four-inch  brick  arches,  supported  on  lines  of  brick  piers 
connected  by  brick  lintel  arches,  the  outer  edges  bearing  on  the 
surrounding  walls.  The  piers  are  twenty-four  inches  square  and 
twelve  and  one-half  feet  apart  on  centers.  The  bottom  of  the 
reservoir  is  formed  of  a  layer  of  clay  puddle  two  inches  in  thick- 
ness, over  which  is  a  layer  of  cement  concrete  four  inches  in  thick- 
ness. The  arches  are  covered  with  Portland  cement  concrete  to  a 
level  four  inches  above  their  crown,  and  over  all  is  a  layer  of  loam 
eighteen  inches  in  thickness.  Tile  drains  four  inches  in  diameter 
are  laid  beneath  the  loam  in  grooves  in  the  concrete  to  carry  off  the 
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surplus  rain-water.     Aji  the  top  of  each  line  of  arches  is  located  a 
ventilator  to  allow  a  free  circulation  of  air. 

Water  enters  the  reservoir  near  the  bottom  through  a  cast-iron 
main  twenty  inches  in  diameter,  and  is  drawn  out  through  the  same 
pipe.  Provision  was  made  for  drawing  all  the  water  out  of  the 
reservoir  if  necessary  by  giving  the  bottom  a  slight  slope  toward  a 
gutter,  the  bottom  of  which  also  has  a  slight  slope  and  conveys  the 
water  to  a  ten-inch  pipe  passing  through  the  wall.  The  reservoir  is 
provided  with  an  overflow  16.2  feet  above  its  bottom,  and  surplus 
water  flows  off  in  this  way  into  the  open  distributing  reservoir 
near  by.  The  open  reservoir  is  still  retained  for  use  in  cases  of 
emergency. 

Water  is  now  delivered  to  consumers  without  exposure  to  light 
at  any  point,  and  it  is  said  that  since  the  new  reservoir  was  put  in 
operation  the  consumers  have  been  very  well  satisfied  with  the  char- 
acter of  the  water,  and  all  complaints  of  bad  tastes  and  odors  have 


(Atmical  EzamiruUion  of  Waler  from  a  Faucei  ai  Ou  Low  Service  Pumping 
Station  and  from  the  Covered  Reservoir  of  the  BrootUinc  Water  Works. 

(Paru  par  icia,«».] 
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CAHBBIDOE. 


Water  SoppLr  op  Cahb^dob. 
(^emioal  Examinatum  of  Water  from  Fresh  Pond,  Cambridge. 

[ParU  p«r  IM.OOC.] 
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Miervaeopical  Examinalion  of  Water  from  Fresh  Pond,  Cambridge. 
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CAMSBIDOE. 

Chemical  Examination  of  Water  from  Stony  Brook  Storage  Reservoir,  Walttuan. 

[FuU  par  100,000.] 
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Xicrotcopical  Escaminaiion  of  Water  from  Stony  Brook  Storage  Retervoir, 
WaUkam. 
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CAMBRIDGE. 

Taile  showing  Heights  of  WaUr  in  Freth  Pond  and  in  Stony  Brook  Storage 
Reservoir  on  the  Data  when  Samples  of  Water  icere  collected  for  Analyaia. 

[Helghli  an  In  I«l  aboTe  Cambrtdga  dtf  baM.] 
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^V''ATER  Supply  op  Canton. 
The  adrice  of  the  Stute  Board  of  Health  to  the  town  of  Canton 
relative  to  a  proposed  additioDoI  water  sapply  from  the  valley  of 
Beaver  Brook  above  the  present  pumping  station  of  the  Canton 
Water  Works,  may  be  found  on  pages  14  and  15  of  this  volume. 
In  the  following  table  is  given  the  analyses  of  samples  of  water 
collected  in  connection  with  the  investigatioo  for  this  additional 
water  supply. 

Chemical  Examinalion  o/  Water  front  Tubular  Test  Wells.inthe  Vaileyof  Beaver 
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[P-rt*  per  100,0W.1 


i 

Ar«. 

uvea. 

*-"""■ 

,.,^„ 

~i 

i 

.1 

3 

i 

i 

1 

1 

i 

.1 

1 

1 

I' 

1 

f 

1 

1 

»m 

Jan.  M    V.ill^t.iV 

%nhy 

.OMO|.»M 

Jan.   2J     D^'Sel'.Ce 

a  eo 

31 

.OtM    .0000 

.0100 

3.S  .aw 

*■•* 

.0000  ^.000« 

-M 

.OIK 

d  at  Ibe  laboralorr 


larylni  from  ; 
tUoltied  br  ■  I 
W^  Werki 


r  of  0,70  oauied  by  mlDB 
}P,  Dui  luDHqucniii,  BiHTi  tuB  irup  'uii  Qiu  prccipluud ,  bHuiie  oaai 

113.  Unl:  or  ihe  olhen,  none. Sample  No.  0M2  wa<  coDacled 

rtd«p.  drlTeDlbrooihlHeelof ..—...-.—....-—..... 

SO  6_tiel  deep,  dilwd  IhroBgh  1.. 

pamped  Irom  Ibe  welle  wllb  m  Iv 

;  boon.  The  well*  wtre located , ,.. 

inneb  (rom  Ibe  aoalh,  about  halt  a  milt  abore  Ihe  pomplBfl  IMUoo  of 

Mierota^ieal  Examination. 


feet  of  Una  Mmd  IbM 
•  lamplea,  tDr  pariod* 


Ko.34.]     EXAMINATION  OF  WATER  SUPPLIES.  137 
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Water  Supply  of  Chelsea. 
(See  Boston,  Mystic  Works.) 

Water  Sdpplt  of  Chester. 

Description  of  Workit.  — The  population  of  the  town  in  1890  was 
1,295.  The  population  of  the  main  village,  which  ia  the  only  portion 
of  the  town  supplied  with  water,  ia  said  to  be  about  800.  The  works 
ire  owned  by  C.  L.  Goodhue.  Water  was  introduced  in  November, 
1893,  and  waa  snppli^  to  about  60  families  at  the  end  of  the  year. 

The  source  of  supply  is  Austin  Brook,  a  tributary  of  Walker 
Brook.  Water  is  drawn  from  Aualin  Brook  at  a  point  about  1,200 
feet  from  its  mouth,  and  less  than  a  mile  west  of  the  village  of 
Qiester,  where  a  small  reservoir  baa  been  constructed  at  a  sufficient 
elevation  to  supply  the  town  by  gravity.  It  is  said  that  the  reser- 
Toir  is  fornaed  by  a  dam  about  8  feet  in  height,  and  covera  an  area 
60x80  feet  to  an  average  depth  of  about  6  feet. 

The  brook,  above  the  point  where  the  dam  is  located,  drains  an 
■rea about  1^  square  miles,  which  is  mainly  pasture  and  woodland; 
it  ia  said  that  there  is  but  one  dwelling  house  on  this  area. 

The  distributing  mains  are  of  cast-iron,  and  the  service  pipes  are 
of  galvanized  iron. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Chester, 
with  reference  to  taking  a  supply  of  water  from  Austin  and  other 
brooks,  may  be  found  on  pages  15  to  17  of  this  volume. 


^^^niical  Examination  of  Water  from  Austin,  Blandford  and  Walker  Brooks,  and 
Bom  Pond  in  Cheater  and  Becket. 

[Psit*  par  100,000.1 
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chicopee. 

Water  Supply  of  Chicopee. 

Until  1893  the  city  of  Chicopee  had  been  supplied  with  water 
from  various  sources  as  follows  :  — 

Chicopee  Centre,  having  a  population  in  1890  of  about  7,500,  was 
supplied  with  water  by  the  Chicopee  Water  Company  from  Dingle 
Brook,  and  from  wells,  partly  by  gravity  and  partly  by  pumping. 

Chicopee  Falls  (population  in  1890,  5,553)  was  supplied  chiefly 
from  works  owned  by  the  district,  with  water  pumped  by  the  Chico- 
pee Manufacturing  Company  from  the  Chicopee  River  within  the 
village. 

Willimansett  Village  (population  in  1890,  about  300)  was  sup- 
plied by  the  Willimansett  Aqueduct  Company  with  water  by  gravity 
from  a  small  brook. 

In  1892  the  city  of  Chicopee  acquired  possession  of  the  works  of 
the  Chicopee  Water  Company  and  of  the  Willimansett  Aqueduct 
Company. 

In  the  winter  and  early  spring  of  1892  there  was  a  mild  epidemic 
of  typhoid  fever  in  Chicopee  Falls,  and  the  State  Board  of  Health, 
after  investigation,*  found  reason  to  believe  that  the  epidemic  was 
due  to  the  use  of  water  from  the  Chicopee  River,  a  stream  which  re- 
ceives the  sewage  of  several  thousand  people,  and  taking  these  results 
in  connection  with  investigations  in  other  places  showing  that  a  pol- 
luted running  stream  is  a  very  dangerous  source  of  water  supply, 
advised  the  city  to  secure  a  pure  water  supply  for  Chicopee  Falls 
and  to  discontinue  the  use  of  river  water.  The  new  supply  was  com- 
pleted at  the  end  of  1893,  and  the  use  of  water  from  the  Chicopee 
River  was  discontinued. 

DescrijUion  of  Works.  —  The  new  sources  of  supply  are  Morton 
and  Cooley  Brooks,  the  waters  of  which  are  taken  near  their  con- 
fluence, about  li  miles  northeast  of  Chicopee  Falls.  Cooley  Brook 
is  a  tributary  of  the  Chicopee  River  from  the  north,  and  a  large  part 
of  its  course  is  through  a  ravine  in  the  great  sandy  plain  between 
Chicopee  and  Granby.  Owing  to  the  character  of  its  watershed, 
which  allows  much  of  the  water  falling  upon  it  to  pass  into  the 
ground  and  move  gradually  toward  the  brook,  which  it  finally 
reaches  in  the  form  of  springs,  its  flow  is  well  maintained  in  a  dry 

*  Sec  <<  An  Investigation  of  an  Outbreak  of  Typhoid  FeTcr  in  Cbloopee  Fallf  apparently 
due  to  infected  Water  Supply/'  made  under  the  direction  of  Prof.  W.  T.  Sedgwick  in  tbe 
twenty-fourth  annual  report  of  the  State  Board  of  Health  for  1892,  pagei  705-714. 
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season.  A  dam  about  170  feet  long  and  10  feet  in  height  has  been 
constructed  across  the  brook  at  a  point  about  three-fourths  of  a  mile 
from  its  mouth,  forming  a  small  reservoir  said  to  have  a  capacity 
when  full  of  5,500,000  gallons.  All  the  loam  and  vegetable  matter 
was  removed  from  the  area  to  be  flowed  up  to  the  level  at  which  it 
is  proposed  to  hold  the  water,  which  for  the  present  will  be  only 
high  enough  to  divert  the  water  into  a  conduit  leading  to  the  pump- 
ing station. 

Morton  Brook  is  a  small  branch  of  Cooley  Brook,  fed  almost 
wholly  by  springs,  which  enters  the  latter  a  short  distance  below 
the  dam  just  described.  A  low  dam  has  been  constructed  across 
this  brook  a  short  distance  above  its  mouth,  forming  a  small  reser- 
voir about  80  feet  long,  40  feet  wide,  and  averaging  three  feet  in 
depth,  which  was  thoroughly  cleaned. 

A  cast-iron  conduit  pipe  16  inches  in  diameter  conveys  water  by 
gravity  from  CJooley  Brook  to  a  receiving  basin  at  the  pumping 
station,  a  distance  of  2,434  feet.  A  branch  conduit  8  inches  in 
diameter,  also  of  cast-iron,  conveys  the  water  from  Morton  Brook 
to  the  main  conduit,  a  distance  of  750  feet.  It  is  proposed  to  take 
the  supply  as  far  as  possible  from  Morton  Brook,  because  of  the 
better  quality  of  its  water. 

The  receiving  basin  is  107  feet  long,  77  feet  wide  and  8  feet  deep 
at  high  water.  It  is  oval  in  shape,  with  sloping  sides,  and  has  a 
capacity  of  350,000  gallons.  The  slopes  are  paved  with  bricks  laid 
in  cement,  and  the  bottom  is  covered  with  a  layer  of  Portland 
cement  concrete,  6  inches  in  thickness,  over  which  is  a  layer  of 
gravel  4  inches  in  thickness.  At  the  end  of  the  basin  where  the 
conduit  enters,  there  is  a  sand  chamber  9  feet  loug,  6  feet  wide  and 
8  feet  deep,  designed  to  catch  heavy  suspended  matter,  and  from 
this  chamber  the  water  overflows  into  the  main  portion  of  the  basin. 
The  surplus  water  brought  to  the  basin  passes  ofi*  through  an  over- 
flow formed  by  a  20-inch  pipe  set  perpendicularly  in  the  centre  of 
the  basin,  and  discharging  into  a  pipe  leading  to  Cooley  Brook. 

Water  is  pumped  from  the  basin  to  the  city  and  to  an  open  iron 
tank  55  feet  in  diameter  and  60  feet  in  height,  situated  a  short  dis- 
tance from  the  main  pipe  between  the  pumping  station  and  the  city. 
All  new  distributing  mains  are  of  cast-iron  ;  new  service  pipes  are  of 
galvanized  iron  and  lead. 
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The  old  works  of  the  Chicopee  Water  Compaoy  will  still  be  used 
as  a  low^service  supply  for  the  lower  portion  of  the  city. 

The  water  supply  of  the  village  of  WillinutDsett  was  introduced 
in  the  summer  of  1892.  The  source  of  supply  is  a  small  brook, 
a  tributary  of  the  Connecticut  River  from  the  east,  which  flows  from 
the  westerly  side  of  the  great  sandy  plain  already  mentioned.  A 
dam  about  10  feet  ia  height  has  been  coustructed  across  the  brook, 
forming  a  small  reservoir  at  a  point  whero  the  elevation  is  sufficieot 
to  supply  the  village  by  gravity.  Distributing  mains  are  of  cast- 
iron.     Service  pipes  are  of  galvanized  iron  and  lead. 
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Microscopical  Examinaiion. 
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cohasset. 
Water  Sopplt  of  Cohasset.  —  Cohassbt  Water  Compant. 

ChemUal  Examinalion  of  Water  from  the  Tubular  Wells  of  lite  Cohasset  Water 
Company. 
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This  water  is  begianiag  to  show  some  of  the  characteristics  of  an 
"iroD"  water,  namely,  a  noticeable  turbidity,  sediment  and  color, 
ni  the  presence  of  iron  and  of  certain  microscopic  organisms  often 
fonnd  in  such  waters.  The  determinations  of  turbidity,  sediment 
)<id  color  in  a  sample  of  water  of  this  class  vary  with  the  length  of 
time  that  the  water  has  been  exposed  to  the  nir  after  it  ha?  been 
dnwD  from  the  ground,  since  they  are  dependent  upon  the  amount 
of  iron  which  baa  been  thereby  oxidized  and  converted  into  an 
ioioluble  form.     When  the  iron  is  all  precipitated  out,  the  water 
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resumes  its  original  appearance,  free  from  color  and  turbidity. 
These  results  of  turbidity,  sediment  and  color  are,  therefora,  only 
of  vulue  as  showing  a  condition  which  the  water  may  assume,  and 
should  not  be  used  for  making  comparisons  between  the  different 
samples. 

Microscopical  Examination  of  Water  from  Ihe  Tubular  Wells  of  the  Cohnsset 
Water  Company. 

[Narobflr  of  orguiItroA  per  cubic  cftDtlmetAT.] 
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Water  Supply  op  Concokd. 
C/temicat  Exantiaatiim  of  Water  from  Sandy  F^nd,  Lincoln. 

[Piru  per  ll»,in0.1 
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Microscopical  Examination. 

No.  T0141.    DlilonuecB,  .1ilrrl<Hi<»n,  1;  Vermel,  ^uma,  pT.;ToUl,l. 

Ko.  I02M.    DUUHnuM*.  AilfrUHulla.  Pr.i  Innuoila,  DInobryiHi,  1;  XXnaArvnt  M 
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SAXVEBS. 

Water  Supplt  of  Danvees. 
In  the  act  of  the  legislature  giving  the  town  of  Danvers  the  right 
to  supply  itself  with  water,  the  town  was  granted  permission  to  take 
its  supply  from  Middleton  Pond,  in  Middleton,  and  Swan's  Pond,  in 
North  Reading.  The  latter  is  situated  a  little  less  than  half  a  mile 
from  Middleton  Fond  and  its  surface  is  about  twenty-two  feet  higher. 
Water  was  introduced  from  Middleton  Pond  in  1876,  but  the  works 
were  not  extended  to  Swan's  Pond  until  1893,  when  a  connection 
between  the  two  ponds  was  made  by  laying  a  six-inch  cast-iron  pipe. 
Swan's  Pond  is  said  to  have  an  area  of  about  forty-tive  acres. 


Wateb  SuppLr  OF  Dedham.  —  Dedham  Water  Compant. 
Chtmicat  Examination  of  Water  from  the  Welt  of  the  Dedham  Water  Company, 

[PutU  per  100.000.] 
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Averages  of  Anatynaa  of  Previous  Years. 
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Mieroscopieal  Examinalion,  1893. 

A  T«7  taw  orfulaEOi,  eblelly  DlatomMcn,  vara  fonod  in  He*.  lOMl  and  10S74.     So  < 
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Chemical  Examination  of  Water  from  the  New  Open  Tank  of  the  Dedham  WaUr 

Company,  on  Federal  HiU, 

[ParU  per  100,000.] 


Date  of 

Collection. 

Appkasakck. 

Residae  on 
Evaporation. 

AlUIOllIA. 

i 

1 

KlTBOQKV 
A8 

Oxygen 

Consumed. 

• 

1 

c 

• 

B 

o 

• 

1 

1 

• 

1 

< 

• 

• 

t 

• 

1 

0021 
10400 
10673 
11357 

1S9S. 

Jan.   24 

May    81 
July  18 
Nov.  21 

None. 
Slight. 
Slight. 
Slight. 

None. 

Cona., 

green. 
Slight. 

V.  alight. 

0.00 
0.02 
0.00 
0.00 

0.01 

0.01 

10.86 

11.00 

11.00 

0.60 

.0000 
.0000 
.0046 
.0010 

.0020 
.0110 
.0048  : 
.0114 

.06 
.00 
.80 
.80 

.2400 
.2800 
.2260 
.2660 

.0001 
.0000 
.0001 
.0001 

.0086 
.1312 
.1688 

.1848 

1 

4.6 
4.0 
4.4 
4.8 

4.3 

4.4 

.0060 
.0060 
.0480 
.0026 

Av. 

1808 

10.40 

.0014 

.0073 

.01 

.2376 

.0001 

.1200 

.0130 

; 

Av. 

1802 

1 

1 

10.80 

t 

.0002 

.0054 

.08 

.2062 

.0001 

- 

.0106 

f       PI 

Odor,  of  No.  10673,  unpleaaant;  of  the  others,  none.  On  heating,  a  distinctly  vegetable  and 
onpleaaant  odor  waa  developed  in  No.  10460. The  aamplea  were  collected  from  the  tank. 

The  aupply  of  the  Dedham  Water  Company  is  drawn  from  a  covered  well  near  Charles  River,  and 
previous  to  1800  a  single  open  tank  twenty  feet  in  diameter  and  one  hundred  and  three  feet  high  waa 
need  in^oonnection  with  the  distributing  aystero.  In  1800  a  new  tank  forty-two  feet  in  diameter  and 
fifty-one  feet  high  waa  added  to  the  works.  This  tank  like  the  first  waa  not  covered,  but  owing  to  ita 
great  diameter  in  proportion  to  Its  height  the  water  has  been  exposed  much  more  freely  to  the  light,  and 
in  consequence  abundant  growtha  of  microscopic  organisma  have  appeared  in  the  water  and  given  it  at 
Umea  an  unpleasant  odor.  The  conditiona  In  thia  case  are  similar  to  thoae  at  Brookline  in  1887,  when 
water  from  a  filter-gallery  near  Charles  River  waa  pumped  into  a  similar  iron  tank  in  which  the 
organisms  grew  abundantly  until  August  of  that  year  when  it  waa  covered  to  exclude  the  light.  After 
covering,  the  organisms  diaappeared  and  there  has  been  no  further  trouble. 


Microscopical  Examination  of  Water  from  the  New  Open  Tank  of  the  Dedham 

Water  Company^  on  Federal  Hill, 

[Number  of  organisms  per  cubic  centimeter.] 
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SEEBFIEU>. 


(Stemieai  Sxaminalion  of  Water  from  Mill  Biver  and  Clapp't  Trout  Brook  i 
Deerjield  and  Soaring  Brook  in  WkatUy. 
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Iron,  iDilgniOeut.    Odor  of  all  umple*.  Tory  fiilnti;  vag«Mble. The  Bnl  umple  wu  callMt«d 

froaiMIJlRlTeilD  Dasrfleld  near  tha  bouDdiry  line  tMlnseo  Conway  and  Deeraald;  lbs  aeoond,  [Rim 
Clupp'.  Ttool  Brook,  ■  trtbuury  ol  UUl  BUer  In  Doerflald,  and  the  laai  ham  Roaring  Brook  tn  Whaiely 
Qla.lii  theaonbampartof  Whatclf. 

Hicroscopical  Examination. 

Xo.  11(01.  DlatomacaiB,  Tfavlmla,  1;  Plnnuiarla,  I;   Sgntdrtx,  10.    UlMalUoaoDa,  Zi>6glaa,  S. 
Toul,  11, 

So.  11WZ.  DUtomuan,  SipMdra,  i. 

K0.1140S.  DMoamixK,  Sirnedra.  i.    MlaceltlDaona,  Zos^faa,  1.    ToUl,  4. 


Water  Supply  op  East  Bridgbwatee. 

(See  Bridgewater.) 


Water  Supply  op  Eastiiampton. 

IVorka  for  taking  a  water  supply  from  a  new  source  were  built 
bythe  town  in  1892,  and  the  use  of  water  from  Williston  Pond 
Itts  been  discontinued.  The  new  source  of  supply  is  Bassett  Brook, 
>  stream  which  riaea  in  Northampton  and  flows  into  the  Man- 
fan  River,  just  opposite  the  village  of  Easthampton.  Water  is 
taken  from  the  brook  a  little  less  than  a  mile  from  its  mouth,  at 
■  point  where  a  low  dam  haa  been  constructed  forming  a  small  basin, 
mm  the  basin  water  flows  by  gravity,  through  a  cast-iron  pipe 
twelve  inches  in  diameter,  to  a  pumping  station  located  at  a 
dim  on  the  Manhan  Biver,  a  short  distance  below  the  mouth  of 
fii8sett  Brook.     From  this  point  the  water  is  pumped  by  water 
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power,  through  a  new  cast-iron  force  main  ten  inches  in  diameter 
and  one  thousand  two  hundred  and  fift}'  feet  in  length,  into  the  old 
system  of  distributing  pipes  in  the  village,  the  surplus  water  going 
to  the  distributing  reservoir  on  Mt.  Tom. 

Bassett  Brook,  above  the  point  of  diversion,  drains  an  area  of 
about  6.9  square  miles.  In  the  upper  portion  of  the  watershed  the 
slopes  are  steep,  but  in  the  middle  and  lower  portions  the  surface  is 
more  nearly  level,  and  there  are  considerable  areas  of  flat  land' in  the 
vicinity  of  the  stream,  some  of  which  are  swampy.  There  are  no 
ponds  or  storage  reservoirs  on  the  watershed. 


Water  Supply  of  North  Easton  Village  District,  Easton. 

Chemical  Examination  of   Water  from  the   Well  of  the  North  Easton   Village 

District. 

[Parta  per  100,000.] 
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Odor,  DODe. The  sample  was  collected  from  the  well. 


Microscopical  Examination. 

No  organisms. 


Water  Supply  of  Everett. 

(See  Boston,  Mystic  Works.) 


Water   Supply  of  Fairhaven.  —  Fairiiaven  Water  Company. 

The  advice  of  the  State  Board  of  Health  to  the  Fairhaven  Water 
Company  with  reference  to  the  introduction  of  a  water  supply  from 
tubular  wells  in  the  vicinity  of  the  Nasketucket  River  will  l>e  found 
on  page  seventeen  of  this  volume.  Analyses  of  samples  of  water 
collected  from  wells  near  the  river  and  from  the  river  are  given 
below. 
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The  results  found  by  analysis  are  somewhat  remarkable,  as  they 
show  that  water  from  flowing  wells  only  a  short  distance  apart 
differed  very  much  in  quality,  some  of  the  water  having  its  origin  in 
a  polluted  source,  and  some  of  it  being  the  natural  water  of  the 
region.  This  subject  is  referred  to  quite  fully  in  the  advice  of  the 
Board.  It  is  also  worthy  of  note  that  there  was  a  difference  in 
the  temperature  of  the  water  from  wells  driven  to  the  same  depth, 
that  from  the  southerly  well  having  a  temperature,  April  12,  1893, 
of  46.5  degrees,  from  the  northerly  well,  43  degrees,  and  from  the 
middle  wells,  48  degrees.  The  temperature  of  the  water  in  the 
river  at  the  same  time  was  55  degrees. 

The  works  for  taking  water  from  this  source  were  nearly  com- 
pleted at  the  end  of  1893. 


Chemical  Examinalion  of  Water  from  Tubular  Test  Wells  in  the  VicinUy  of  the 

Naskeiucket  Biver,  Fairhaven. 


[Parte  per  100,000.] 
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Odor,  none.    On  heating,  the  odor  of  the  first  sample  became  faintly  vegetable. The  wells  are 

located  in  the  vicinity  of  the  river,  about  half  a  mile  above  the  point  where  it  is  crossed  by  the  Fair< 
bsven  branch  of  the  N.  Y.,  N.  H.  &  II.  R  R.  The  first  sample  was  collected  from  one  of  the  middle 
veils  in  a  line  of  six  in  the  valley  of  the  Naeketucket  River;  the  second  sample  from  the  most  northerly 
ud  the  last  from  the  most  southerly  well  in  this  line. 


Microscopical  Examination. 

No.  10190.    Miscellaneous,  Zoogtaea,  14. 
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Chemical  Examination  of  Water  from  the  Naaketticktt  Biver,  Fairhaven. 

[Parta  par  10l>,00a.] 


itad  from  tha  rive. 


Mieroseopieal  Examination. 

DlalomaceiB,  MiloiirKi.  3:  Mert'lion.  II;  Kntieiila.  i\  SlIacMa.  1;  PInHulaHa.  I;  Bfotdra,  U; 
TabtUarUi,  M.    UlKelluleoili,  Zolflaa,  H.    Total,  lOS. 

Watee  Supply  op  Falmouth  Heiqhtb.  —  Falmouth  Heights 
Water  Company. 
ThiB  Tillage  is  a  summer  resort  on  Vineyard  Sound  in  the  southerly 
part  of  the  town  of  Falmouth.  The  source  of  supply  ts  a  well  about 
ten  feet  in  diameter  and  twenty  feet  in  depth,  located  a  short  dis- 
tance north-west  of  the  village.  Water  is  pumped  from  the  well  to 
an  elevated  wooden  tank  upon  Observatory  Hill  in  the  village,  and 
is  thence  distributed  to  consumers  through  cast-iron  mains.  The 
reply  of  the  State  Board  of  Health  to  the  Falmouth  Heights  Water 
Company,  with  reference  to  the  use  of  this  well  as  a  source  of 
water  supply  for  the  village  of  Falmouth  Heights,  may  be  found  on 
page  XH  of  this  volume. 

Chemical  Examination  of  Water  from  the  Wells  of  the  Falmouth  Heights  WaUr 
Company. 
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Wateb  Supply  op  Fitchburo. 
Chemical  Examination  of  Water  from  Scott  Beservoir,  FiieMmrg. 
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fra3iingiiam. 

Water  Supply  op  Framinoham.  —  Fhamimgham  Water  Compast. 

Chemieat  Examination  of  Water  frtna  the  FUter-gaUery  of  (Ae  Framinghofn 
Water  Company. 
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FRAMINOHAU. 

Oiemieai  Examination  of  Water  from  a  Faucet  in  South  Framingham,  supplied 
from  the  Works  of  the  Framingham  Water  Company. 

(part*  per  100,000.] 
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GARDNER. 

Water  Supply  of  Gardner.  —  Gardner  Water  Company. 

Chemical  Examinalion  of  Water  from  Crystal  Lake,  Qardner. 

[P«m  per  loo.ooo.] 
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Microscopical  ExaminaUon  of  Water  from  Crystal  Lake,  Gardner. 
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GBAFTON. 

Water  Sdpplt  op  Grafton.  —  Grafton  Water  Company. 

Chemieat  Examination  of  Water  from  tht  FiUer-gallery  of  the  Oraflon  Water 

Company. 
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A  amall  system  of  works  was  constructed  in  1893  to  supply  water 
to  the  Saunders'  Cotton  Mills,  in  Saundersville,  Grafton,  and  the 
houses  in  the  vicinity  of  the  mills.  The  supply  is  taken  from 
springs  on  the  northerly  slope  of  Leland  Hill  in  Sutton,  the  water 
of  which  is  collected  in  a  covered  reservoir  and  conveyed  to  the 
village  through  an  eight-inch  east-iron  pipe.  The  advice  of  the  State 
Board  of  Health  relative  to  this  source  of  supply  may  be  found  on 
page  49  of  this  volume.  Analyses  of  water  from  the  spring  and 
from  a  well  near  the  mills  are  given  below. 
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HANSON. 

Hanson. 

Chemical  Examinaium  of  Water  from  Maquam  Pond,  Hamon. 
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Watee  Sdpply  of  Haverhill. 
Chemical  Examination  of  Water  from  Crystal  Lake,  Haverhill. 
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Chemical  Examination  of  Water  from  Senoza  Lake,  EaverhiU. 
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Chemical  Examinaiion  of  Water  from  Lake  Saltomtall,  Haverhill. 

[PuU  p«  100,000.] 
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HATIEBBIIX- 

CAemieoJ  Examination  of  Water  from  Lake  Pentuekel,  SaverhiU. 

tPuU  par  100,000.} 
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HIXGHAM. 

Microscopical  Examination  of  Water  from  Accord  Pond,  Biitghani. 

[N'nmbar  of  oiguilimi  per  eoblo  oeDllmoIer.] 
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Chemical  Examination  of  Water  from  Fulling  MUl  Fond,  Hingham. 

[PBmpcrlOO.ooa.] 
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Mieroieopieal  Examination  o/  Water  from  Fulling  Mill  Pond,  Hingham, 
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HINOHAM. 

Mieroacopical  Examination  of  Water  from  Fulling  Mill  Pond,  Singham 

—  Concluded. 
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Water  Supply  of  Hinsdale  Fibe  District,  Hiksdale. 

Chemical  Examination  of  Water  from  the  Storage  Reservoir  of  the  HinadaU  Fire 

District. 
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HINSDAUE. 

Microscopical  Examination  of  Water  from  the  Storage  Reservoir  of  the  Hinsdale 

Fire  District. 


PLANTS. 
Diatomacee 

Aiterionella,        .... 

Fragilaria, 

MelMira, 

Synedra, 

Alg«B. 

Arthrodesmiu,    .... 

ProtococcuB 

Baphldlam,          .... 
Zoospore*, 

Fong^,  Crenothrlz, 

AiniiALS. 
Bhizopoda,  ArcelU,    • 

Inl^oria, 

Perldiolain, .        .        .        .        . 
Tncbelomonas,  .... 

Vermes, 

ADorea, 

Koutorlan  ova,    .... 

Total, 


[Nnmber  of  organiBms  per  cubic  centimeter.] 

1S98. 

May. 

Aagott. 

November. 

Day  of  ezamiDatioD, 
Namber  of  sample,  . 

* 

16 

loeos 

16 
10797 

22 
11301 

0 
6 
0 
1 


0 
0 
0 
2 


1,t87 

1,280 
0 
5 
2 


18 

3 
2 
8 
6 


tt 

22 
0 
0 
0 


0 
0 
0 
6 


90 

90 
0 


0 
0 


28 

SO 
3 


12 

7 
6 


56 

56 
0 


1 
0 


14 


48 


8 


114 


1,893 


92 


Water  Supply  of  Holbrook. 

(See  Randolph.) 
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HOLTOKE. 


Water  Supply  op  Holyoke. 
The  advice  of  the  State  Board  of  Health  to  the  city  of  Holyoke, 
with  regard  to  ao  additional  water  supply,  may  be  found  on  page  19 
of  this  volume.  On  pages  168  and  169  will  be  fouod  analyses  of 
samples  of  water  collected  from  various  sources  examined  in  couuec- 
tion  with  the  investigation  for  this  supply. 


Chemical  Examination  of  Water  from  Whiting  Street  Storage  Beiervoir. 
Holyoke. 

[f*rui»r  109,000.] 
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HOIiTOKE. 

Microscopical  Examination  of  Water  from  Whiting  Street  Storage  Reservoir, 

Holyoke, 

[Number  of  orgaDiBms  per  cubic  centimeter.] 
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HOLTOEE. 

Microteopieai  Examination  of  WaUr  from  Wright  aitd  Aihley  PotuU,  Hotyoke. 
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HOIiTOKE. 

Chemical  Examination  of  Water  from  Various  Boureei,  oolkcUd  during  an 
Invetiigalion  for  on  Additional  Water  Supply  for  Holyoke. 

[Fan*  par  100,000.] 
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Microscopical  Examination  of  Water  from  Various  Sources,  collected  during  an 
Investigation  for  an  Additional  Water  Supply  for  Holyoke. 
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HOIiYOKE. 

Microscopical  ExamiruUion  of  Water  from  Various  Sources,  collected  during  an 
Investigation  for  an  Additional  Water  Supply  Jor  Holyoke  —  Concluded. 

[Namber  of  orgaDisma  per  cable  centimeter.] 
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Water  Supply  op  Hudson. 

In  the  early  part  of  1893,  particularly  in  January  and  the  first 
part  of  February,  this  supply  was  affected  by  the  presence  of  the 
organism  Uroglenay  the  most  noticeable  characteristic  of  which  is  the 
oily  odor  which  it  imparts  to  water  even  when  present  in  compara- 
tively small  numbers.  This  organism  was  present  in  the  water  sup- 
plies of  Norwood  and  Plymouth  in  the  years  1892  and  1893,  and  it 
^  been  found  in  other  water  supplies  in  the  State.  A  description 
(tf  Uiis  organism  and  an  account  of  its  effect  upon  the  taste  and  odor 
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of  water  may  be  fouad  in  the  twenty-third  aoQual  i-eport  of  the 
State  Board  of  Health,  for  1891,  pages  645-658. 


Chemical  Examination  of  Water  fn/. 

(Ptru  par  100,000. 
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MicrMeopical  EzaminaCion  of  Water  from  Qaies  Pond,  Berlin. 
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Chemical  Examination  oj  Water  from  Faucets  in  Hudson,  tupptied  from  Oates 
Pond. 

[Pan*  par  100,000.] 
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HUDSON. 

Mieroteopical  Hxamination  of  Water  from  Faucets  in  Sudton,  supplied  from 
Gates  PoJid— Concluded. 

Ilf  aiob«t  of  otgnliDK  per  cable  eenUmetar.] 
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Water  Supply  op  Hull. 
(See  Singham.) 

WiiER  Supply  of  Hyde  Paek  and  Milton. — Hyde  Pabk  Water 
Company. 
The  works  of  this  company  for  obtaining  a  supply  of  ground  water 
iotbe  vicinity  of  the  Neponsct  River  were  eakrged  early  in  1893, 
by  linking  thirty-three  tubular  wells,  located  between  the  old  systems 
of  tabular  wells  and  the  starch  factory  well  mentioned  in  the  annual 
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report  of  the  Board  for  1892.  The  new  wells  are  in  parallel  lioes 
on  either  side  of  a  suction  pipe  placed  approximately  at  right  aQglea 
to  the  river,  their  distances  from  the  river  varying  from  sixty-four 
to  nearly  two  hundred  feet.  The  new  wells  are  two  and  a  half 
inches  in  diameter  and  of  various  depths,  ranging  from  about  twenty 
to  twenty-eight  feet.  Twelve  of  the  wells  nearest  the  river  have 
been  disconnected,  but  the  remaining  wells  have  been  in  use  since 
they  were  connected  with  the  pump  in  the  summer. 

The  advice  of  the  State  Board  of  Health  to  the  Hyde  Park  ^V'ater 
Company,  with  reference  to  the  ase  of  water  from  these  wells,  may 
be  found  on  page  20  of  this  volume,  and  analyses  of  water  from 
three  are  given  on  page  176.  The  temperatures  of  the  water  iq 
the  wells  from  which  these  samples  were  collected  differed  con- 
siderably one  from  another,  and  were  as  follows :  of  the  well  nearest 
the  river  (No.  5),  forty-nine  degrees ;  of  the  well  near  the  middle 
of  the  group  (No.  14),  forty-one  degrees ;  of  the  well  farthest  from 
the  river  (No.  36),  forty-four  degrees. 


Chemical  ExaminaHon  0/  WcUer  from  tkt  Tubular  Welts  of  the  Hyde  Park  Wattr 

Company. 

[Pkrti  per  loo.ooo.] 
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HYDB  PABE  ANS  UILTOK. 

Chemicat  Examination  of  Water  frcm  the  Tubular  Welts  of  the  Byde  Park  Water 

Company — Concluded. 

Average*  of  Analyses  of  Previous  Years. 

[Puru  par  lOO.QOO.] 
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Mamaqdcal  Examination  of  Water  from  the  Tubular  Wella  of  the  Hyde  Park 
Water  Company. 

[Hnmbw  at  oifuJami  p«r  onble  o«DUa«t*r.] 
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Chemical  Examittation  of  Water  from  Faucets  in  MiUon,  tupptied  from  Ihe 
Works  of  the  Byde  Park  WaUr  Company. 

[PuU  par  IQO.ooa.] 
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HTDB  PABK  ASIt  MILTON. 

(^temical  Examination  of  WaUr  from  the  Neponset  River  lU  Byde  Park. 

[PuU  per  lOO.OM.] 
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HYDE  FABR  AND  MILTON. 

Microtcopical  Examination  of  Water  from  the  Nepotuet  Biver  at  Bydt  Park. 
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Ipswich. 

mSxamination  of  Water  j'rom  Dow't  Brook  imd  Egypt  liivcT,  IpwichiM 
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Chemical  Examination  of  Water  from  Oreai  Quitlacat  Pond,  LakeviSe. 
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Ipswich. 
Chemical  Examinaliori  of  Water  from  Dow's  Brook  and  Egypt  Biver,  Ipswich, 
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Chemical  ExamituUion  of  Water  from  Great  Qutilacas  Pond,  Lakeviite. 
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lawrence. 

Water  Supply  of  Lawrence. 

As  already  stated  in  a  previous  portion  of  this  report  (pnge  3), 
a  filter  having  an  area  of  two  and  a  half  acres  was  constructed  by 
the  city  of  Lawrence  during  the  past  year,  at  a  cost  of  about  sixty- 
Gre  thousand  dollars,  and  since  its  completion  in  September  the 
water  supplied  to  the  city  has  been  filtered. 

The  reply  of  the  Board  to  an  application  from  the  city  of  Law- 
tence  for  information  as  to  the  results  of  the  filtration  of  its  water 
supply,  after  the  filter  had  been  in  use  u  little  more  than  two  months, 
may  be  found  on  page  22  of  this  volume. 

A  more  complete  description  of  the  filter  with  a  statement  of  the 
KBults  obtained  by  its  use  will  be  found  in  a  subsequent  portion  of 
this  report,  also  additional  analyses  of  the  Lawrence  water  made  at 
Uk  Lawrence  Experiment  Station. 


Qemfcoi  ExamintUion  of  Water  from  the  Merrimack  Biver  above  Lawrence, 

opposite  the  Inlake  of  the  Lawrence  Water  Works. 

[Pntt  p«r  100,000.] 
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LAWBENCB. 

(Aemicai  Examination  of  Water  from  the  Foret  Main  at  the  Pumping  Station 
q/"  the  Lawrence  Water  Works. 

[PirU  per  100,000.] 
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LAWRENCE. 

Microscopical  ExamtHotion  of  Waterfront  the  Force  Main  at  the  Pumping  Station 
of  the  Lawrence  Water  Works. 

[NumlMr  ot  orgulam*  per  inble  sBQilmeMr.] 
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Z.AWR1CMCB, 

Cktmieat  Examinaiion  of  Water  from  the  DiatrilmUng  Beaervoir  of  the  Lawrsneo 
Waier  Works. 

[PimiwrlW.OOO,] 


1 

u>UMn.. 

KSL" 

A....... 

.18 

.11 
.11 

.IB 

-IS 
.Sfl 

.2fl 
.13 

.,„^„ 

i 

J 

1 

i 

1 

1 
1 

1 

i 

1 

F 

1 

.,...!..,.. 

1 
1 

i 

1 

■3 

1 

1 

1 

lOlK 

nn 
im 
111- 
uu 

Fob.  IS 
Uir.  IS 
Apr.l* 
M.ylT 

June  11 

Ang.M 

e..„ 
o«.i- 
;SoT.22 

Dlitlnct. 

aught. 

v.. light, 
v.. light, 
v.. light. 

eiigbt 

Blight. 
V.  .light. 
BUght. 

Sllghl. 

'•s-x. 

Slight, 

«nhf. 
Blight. 

Slight. 

Blight. 

V.  (light. 

Slight. 

Slight. 

Slight. 

None. 

BUfht. 

.... 
.... 

::: 
r; 

2.8*     I. »     .0020 
S.*l     fl.80    'OOU 

3.40    1.36  Lorn 

3.76  1  l.r.  !  .009. 

J  M  '  !'I  Km 
b.-.a    i.4s''.oiioo 
i.os  i  i.w  Louia 

6.00     1.30    .0OS8 

'11 

■  OlM 
,01M 

DOM 

,1)171 

z 

.am 

.OOM 
.0023 
-OUO 

001  fl^ 

.DOH 

.oiw 

.0060 
.0070 

OMO 

.oooa 

■ 
1.* 

S.J 

J.1 

a.2 

kj 

' 

k>.it 

1 

■ 

Averages  of  Atiatyses  of  Previous  Yean. 


'.\Z 

-  am 

-  1  Ml 

-  1  im 

-  ^  IM 

o.» 

3.y 

S.S7 
4.» 

1.00 

O.BS 

.002* 
.0032 
.0030 
.0032 
0932 
M37 

OHO 
^OlSO 

.OiOB.OOM. 

.oiffii-OBta 

.IB 

.0160, .0002 
.0138  .0001 

l.S 

1.3 

Ban  to  kiuilTM*  of  in3i  Iron,  .C 

TbtHuaplH  w*n  eollsotod  from  ■ 

■■MnHr.   Attar  BapUmber  20,  Iha  rei 
ni  ui  sMlmd  aftor  llMl  d«u. 


IT.   OdoFi  ffsnenmy 

rvoir  wu  lupplleil  with  altered 


:t]y  legelabla,  freqaeotly  a 


18(i  STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 

LAWRENCE. 

Microscopical  Examinalion  of  Water  from  the  Dittribuiing   Beservoir  of  the 
Lawrence  Water  Worka. 
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Water  Supply  of  Leicester. 


L.EICESTEB. 


Chemical  Examination  of  Water  from  the  Wells  of  the  Leicester  Water  Supply 

,  District, 

[ParU  per  100,000.] 
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leominster. 

Wateb  Supply  of  Leominster. 
(Aemical  Examination  of  Water  from  Saynea  Beaervoir,  Leominster. 

[E^tU  per  100,000.] 
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liEOMINSTEB, 

Micmscopical  Examination  of  Water  from  Haynes  Reservoir^  Leominster, 

[Number  of  oi^Dlsms  per  cable  centimeter.] 
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IXOMINSTBB. 

Chemical  Examination  of  Water  from  Morse  Saervoir,  LeomintUr. 

[P«u  per  lOO.ttOO.] 
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■Water  Sopplv  of  Lexington.  —  Lexington  Water  Company. 
The  advice  of  the  State  Board  of  Health  to  the  Lexington  Water 
CompaDy,  with  reference  to  nn  additional  water  supply,  may  be 
found  on  page  23  of  this  volume. 

Chemical  Examination  of  Water  from  the  Covered  Gallery  of  [he  Lexington 
Water  Company. 
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LEXINGTON. 

Chtmical  Examittation  of  Water  from  Vine  Brook,  LexingUm. 
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Water  Supply  op  Lincoln. 

(See  Concord.) 

Water  Supplt  of  Lowell. 

The  reply  of  the  State  Board  of  Health  to  aa  application  from 
the  city  of  Lowell  for  advice  relative  to  taking  an  additional  supply 
of  water  from  the  ground  in  the  valley  of  River  Meadow  Brook  in 
Lowell  may  be  found  on  page  25  of  this  volume.  The  test  wells 
mentioned  in  the  reply  were  located  at  the  city  farm  in  the  southerly 
part  of  the  city,  and  a  general  description  of  them,  together  with  the 
results  of  examinations  of  the  water,  may  be  found  in  the  annual 
report  of  the  State  Board  of  Health  for  1892,  pages  162-165. 

In  1893  the  investigations  in  this  vicinity  were  continued  od  • 
more  extensive  scale,  and  a  large  number  of  6-inch  wells  were  sunk 
in  the  valley  of  the  brook,  north  of  the  test  wells  already  mentioned. 
A  temporary  pumping  plant  was  erected,  and  from  September  16  to 
the  end  of  the  year  water  was  pumped  from  the  wells  into  the  dis- 
tributing mains  of  the  city.  The  number  of  wells  connected  with 
the  pumps  varied  from  time  to  time ;  at  first  there  were  44  wells, 
then  35,  and  afterwards  32,  the  last  number  being  connected  with 
the  pumps  at  the  end  of  the  year.  These  32  wetis  are  located  withia 
an  area  approximately  500  feet  in  length  by  300  feet  in  width, 
lying  OQ  both  sides  of  the  brook.  The  depth  of  the  wella  varies 
ftom  47  to  67  feet,  and  averages  53  feet.  During  the  last  three 
months  of  the  year  28  per  cent,  of  the  water  supplied  to  the  c\\y 
Tras  taken  from  these  wells. 
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(Sdntcal  Examination  of  Water  from  the  Merrimack  Biver  above  Lowell,  opposite 
the  Intake  of  the  Lowell  Water  Works. 
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Water  Supplt  of  Ltsn. 
The  advice  of  the  State  Board  of  Henlth  to  the  city  of  Lynn,  with 
refereDce  to  increasing  its  water  supply  by  taking  water  from  the 
Saugus  River  and  its  tributaries,  may  Ije  found  on  pages  25-28  of 
this  report. 

Chemical  Examination  of  Water  from  BreetTt  Pond,  Lynn. 
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ChmUeai  Eitmuttation  of  Water  from  Birch  Pond,  Lynn, 
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Table  showing  Depth  of  Water  in  Feel  in  the  Ponds  and  Storage  Reservoirs  of 
the  Lynn  Water  Works  on  the  Dates  when  Samples  of  Water  were  collected 
for  Analysis  during  the  Tear  1893. 


Breed's  Pond. 

High  Water, 
•21.50  Feet. 

Birch  Pond. 

High  Water, 
•21.50  Feet. 

Walden  Pond. 

High  Water, 
17.00  Feet. 

Olen  Lewis  Pond. 

High  Water, 
17.00  Feet, 

Jan.  10 

11.96 

7.54 

14.50 

8.54 

Feb.  9, 

12.75 

8.00 

12.33 

6.37 

Mtr.  7 

15.13 

0.67 

12.38 

6.40 

ApriU 

20.25 

17.08 

14.50 

10.67 

M»y  8, 

21.75 

22.50 

16.17 

16.17 

JaiM  8 

21.08 

22.58 

16.83 

17.38 

Joiy  5 

10.83 

10.71 

16.67 

17.25 

Aog.  8, 

17.75 

15.58 

16.25 

17.25 

Sept.  e 

16.71 

11.88 

16.00 

17.13 

Oct  4, 

14.50 

8.02 

16.58 

17.00 

Kot.  7, 

10.50 

7.00 

15.50 

17.08 

1>«.  6, 

10.67 

5.67 

16.02 

11.18 

*  The  water  In  these  ponds  Is  sometimes  raised  somewhat  above  ordinary  high  water  in  the  latter 
put  of  the  spring  in  order  to  increase  the  storage. 


Water  Supply  of  Malden,  Medford  and  Melrose. 

On  Feb.  9,  1893,  when  Spot  Pond  had  reached  a  much  lower 
level  than  ever  before,  the  State  Board  of  Health  addressed  a 
communication  to  the  Water  Boards  of  Maiden,  Medford  and 
Melrose,  urging  the  necessity  of  taking  immediate  measures  for 
increasing  the  amount  of  water  in  the  pond,  and  giving  estimates 
of  the  probable  condition  of  the  pond  on  Jan.  1,  1894,  under 
Quaimum,  average  and  maximum  conditions  of  rainfall  during  the 
iBmaining  eleven  months  of  the  year. 

The  estimates  of  the  amount  of  water  which  would  enter  the 
pond  were  based  upon  the  yield  per  square  mile  of  watershed,  as 
deduced  from  measurements  of  the  flow  from  the  Sudbury  River 
Watershed  during  the  past  eighteen  years,  and  the  influence  of  the 
evaporation  from  the  surface  of  the  pond  was  also  included.  The 
draft  from  the  pond  was  reckoned  at  600,000  gallons  per  day  for 
each  community,  which  was  about  the  rate  at  which  water  was 
being  drawn  from  the  pond  a  few  months  before.  It  was  urged, 
liowever,  in  the  communication,   that  this   draft  from  the   pond 
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should  be  reduced  by  taking  as  much  water  as  possible  from  sup- 
plementary sources. 

It  is  gratifying  to  note  that  at  the  end  of  the  year  the  quantity 
drawn  from  the  pond  was  119,000,000  gallons  (equivalent  to  a  depth 
of  about  2.5  feet  on  the  pond)  less  than  it  would  have  been  if  each 
of  the  three  communities  had  continued  to  draw  at  the  rate  of  600,- 
000  gallons  per  day ;  the  diminished  draft  being  due  in  part  to  a 
restriction  of  use  and  waste,  but  still  more  to  the  amount  of  water 
Bupplie'd  from  supplementary  sources  throughout  the  whole  year  at 
Maiden,  and  during  the  latter  part  of  the  year  at  Medford  and 
Melrose. 

The  yield  of  the  Sudbury  River  watershed  during  the  eleven 
months  from  Feb.  1,  1893,  to  the  end  of  the  year  was  very  nearly 
the  same  as  the  average  for  those  months  during  the  preceding 
eighteen  years,  and  with  average  conditions  the  prediction  contained 
in  the  communication  indicated  that  the  quantity  of  water  in  the 
pond  would  be  increased  46,000,000  gallons  on  Jan.  1,  1894,  upon 
the  assumption  that  600,000  gallons  per  day  would  be  drawn 
by  each  community.  To  this  quantity  should  be  added  the  119,- 
000,000  gallons  due  to  the  smaller  draft  from  the  pond,  making 
165,000,000  gallons  as  the  increased  amount  that  should  he  in  the 
pond  on  this  date,  according  to  the  prediction. 

By  consulting  the  records  of  the  height  of  the  pond,  it  was  found 
that  it  contained  184,000,000  gallons  more  on  Jan.  1,  1894,  than 
on  Feb.  1,  1893,  which  showed  a  difference  between  the  predicted 
yield  in  an  average  year  and  the  actual  yield  of  only  19,000,000 
gallons ;  by  taking  into  account  the  slight  variation  in  the  yield  of 
the  Sudbury  River  during  these  eleven  months  from  the  yield  during 
the  same  months  in  an  average  year  a  still  closer  agreement  was 
found.  This  is  a  further  confirmation  of  what  has  already  been 
well  established,  namely,  that  the  capacity  of  this  source  may  prop- 
erly be  reckoned  upon  the  basis  of  the'size  of  its  watershed,  assum- 
ing that  the  flow  from  each  square  mile  is  the  same  as  from  the 
watershed  of  Sudbury  River. 
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Chemical  Examination  of  Water  from  Spot  Pond,  Stoneham. 
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Microseopieat  Examinalion  of  Waierfrotn  Spot  Pond,  Bloneiiam. 
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Water  Supply  of  Malden. 

ISxaminalion  oj  WaUr  from  Tubular  Wells  at  Webtter  Park  {EaUm^n 
Meadows),  Maiden. 
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Microacopieal  Examination  of  Waier  front  Tubular  Wells  at  WelnUrPark  (Ealoh't 

Meadows),  Maiden. 
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Water  Supply  of  Marblehrad. 
The  works  from  which  the  water  supply  of  Marblehead  ia  drawn 
were  enlarged  in  1892  by  the  addition  of  a  group  of  five  tubular 
wells  situated  about  800  feet  south-east  of  the  pumping  station. 
The  depth  of  the  wells  varies  from  25  to  53  feet.  From  April  until 
November,  1893,  water  from  these  wells  was  pumped,  hy  means  of 
aD  auxiliary  pump,  into  the  large  collecting  well  near  the  pumping 
station.  In  1893  a  further  addition  to  the  works  for  obtaining  a 
supply  of  ground  water  was  made  by  the  construction  of  a  small 
collecting  well  about  eight  feet  in  depth,  near  a  small  pond,  and  a 
short  distance  from  the  tubular  wells  just  described.  This  well  was 
completed  about  Nov.  1,  1893,  and  has  been  connected  with  the 
large  collecting  well  by  a  siphon. 

The  driven-well  system  in  the  marsh  near  Loring  Avenue  has 
l>eeQ  reconstructed,  and  during  1893  water  has  been  drawn,  when 
neiessary,  from  39  tubular  wells  in  this  vicinity.  The  water  of 
these  wells  is  affected  by  their  proximity  to  the  sea,  and  the  large 
amount  of  chlorine  present  at  times  in  the  water  supplied  to  the 
town  is  due  chiefly  to  the  use  of  water  from  this  source. 

The  large  collecting  well  constructed  in  1890  continues  to  be  the 
cbief  source  of  supply,  and  at  times  furnishes  all  of  the  water  used 
by  the  town. 


(^tmical  Examination  of  Water  from  the  Large  Collceling  Well  oj  the  Marblehead 
Water  Works. 
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UAItBLEHEAD. 

Chemical  Examination  of  Water  from  the  8maU  CoUeeting  Well,  Marblehead. 

[Psrta  p>[  lOO.ODO.] 
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Chemical  Examination  of  Water  from  Groups  of  Tubular  Wells  of  the  Marblehead 
Water  Works. 
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MABBLEHSAD. 

Chemical  Examinali<m  of  Water  from  Ike  Wells  of  the  Marbtehead  Water  Worka. 

[P»ru  per  100,000.] 
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Water  Sbpplt  of  Marlborough. 

At  the  beginning  of  1893,  the  new  works  to  furnish  an  additional 
rapply  of  water  for  the  city  of  Marlborough  from  Millham  Brook 
*ere  Dearly  completed,  and  they  were  finished  in  season  to  permit 
the  pumping  of  38,000,000  gallons  of  water  (nearly  a  quarter  of 
tl»  total  amount  consumed  by  the  city  in  1892)  during  the  spring, 
»Iien  the  flow  in  the  brook  was  large.  Of  this  amount  20,000,000 
pttoos  were  pumped  directly  into  the  distributing  reservoir  and  the 
t^Diainder  into  Lake  Williams,  which,  at  the  beginning  of  the  year, 
*»sat  a  much  lower  level  than  ever  before.  During  the  month  of 
April  the  city  was  supplied  wholly  with  water  from  Millham  Brook. 

The  additional  water  works  at  present  consiHt  of  a  very  small 
Wserroir  on  Millham  Brook,  a  pumping  station  near  the  reservoir, 
■nd  ■  force  main  from  which  water  can  be  discharged  either  into 
L*l(e  Williams  or,  by  means  of  a  connection  with  the  original  force 
loain,  into  the  distributing  reservoir. 
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UABLBOROUOH. 

Tbe  reservoir  oa  the  brook  has  a  capacity  of  500,000  gallons, 
which  is  only  enough  to  supply  the  pumps  for  five  bnuru ;  conee- 
queutly,  the  pumps  cannot  be  operated  to  advantage  except  when 
there  is  a  large  flow  in  tbe  brook.  The  pumping  station  is  so 
located,  however,  that  when  in  the  future  more  water  is  needed  it 
can  be  drawn  from  a  large  storage  reservoir  to  be  formed  by  build- 
ing a  dam  a  short  distance  below  the  confluence  of  Millham  Brook 
and  its  northerly  branch,  which  is  nearly  as  large  as  the  main 
brook. 

The  advice  of  tbe  State  Board  of  Health  to  the  city  of  Maribor- 
ough  with  regard  to  the  construction  of  this  reservoir  may  be  found 
on  page  28  of  this  volume. 


>m  Lake 

Witlimm,  Marlborough. 

[Pmrt.  per  100.000.] 

1 

!,,„„,... 

".S"™" 

>M-««*. 

j 

-™" 

1 

1 

1 

I 

1 

i 

1 

AIMItnliv 

15" 

Id. 

4 

J 

i 

J 

lOlBl 

J"„"i 

Sllgbl. 

SUBhl. 

...0 

«.« 

o.« 

.0H2 

.014* 

.01M 

.ow 

.at 

.DIOO.OMl 

.im 

IDWl 

JnneW 

Bright. 

eij(bi. 

i.M 

1.O0 

.0000 

.oxn 

.utU 

.007o':.M 

.Umo 

i.< 

iiios 

"»••" 

V..llBh.. 

V.Jlght. 

0.06 

1.36 

i.«, 

.OOH 

.0138 

.0110 

■«",'■" 

..«,l.»» 

.UM 

1.* 

11617 

-■» 

V.illiM. 

V..iighl. 



^ 

l.» 

l.OS 

.^ 

Mm 

.0182 
.0130 

■•"■» 

.oow 

.m. 

.at 

At. 

..» 

0.(4 

"■ 

■" 

•» 

•"" 

■»" 

Averages  of  Analyses  of  Previous  Ttta^s. 


188S 

iwo 

1B03 

- 

O.M     ).M      l.OS  ,  .0007  .OHO 
O.OS    4.41     1.13   ..OOOli.OSOO 
O.W    4.12  '  1.20   I.OOOB  .0107 

o.oa   4. so    i.4i  '.ooag'.ot44 

0.0»    3.M     0.811   Looi*  ,0108 

018<l 

.ooss 

.0041 
,0010 

.44 

.001} 

z 

.0072 

z 

0000 
DOU 

-       1.1 
.»11   l.I 

*  Jna«  M  Decern  bar. 


t  Uarch  and  April. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES.  213 

MABI-BOBOUGH. 

Microseopieal  Examination  of  Water  from  Lake  Williama,  Marlborough. 

[NniDbsr  oC  olrHQliml  per  cnble  cesUmeler.] 
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matnahd. 


Water  Supply  op  Matnahd. 


Chemical  Examinatitm  of  Water  from  the  Maynard  Water  Works. 
[PsrUptrloa.ooa.] 
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Microacopieat  Examinatwn  of  Water  from  the  Maynard  Water  Worki 
—  Concluded. 
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Watbb  Sdpply  op  Mbdfiexd  Iksake  Astxum. 

Dtteription  of  Works.  —  This  asylum  ie  a  State  iuatitution  which 

bul  Dot  beeo  occupied  up  to  the  eod  of  1893.     The  water  works 

*en  completed  id  September,  1893.     The  supply  is  obtaioed  from 

a  •ystem  of  SO  two  and  one-half  inch  tubular  wells,  located  on 
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the  right  or  easterly  bank  of  Charlea  River,  ia  the  vicinity  of  the 
bouDttary  line  between  the  towns  of  Medfield  and  Dover,  a  few  of 
the  wells  being  in  Dover  and  the  remainder  in  Medtield.  The  wells 
are  located  at  intervals  of  twenty-five  feet  near  a  suction  pipe  run- 
ning approximately  parallel  to  the  river,  those  nearest  the  river 
being  distant  from  it  about  twenty  feet,  and  those  farthest  away 
about  sixty  feet.  The  depth  of  the  wells  varies  from  twenty  to 
twenty-eight  feet  and  averages  twenty-four  feet.  Pumps  force  the 
water  to  a  covered  iron  tank  twenty  feet  in  diameter  and  eighty 
feet  in  height,  from  which  water  is  distributed  to  the  buildings. 

Chemical  Emminaiion  ofWtUerfrom  the  Tubular  WelU  of  the  JXedJteld  Imant 
Asylum,  Medjield. 
[Pam  per  100,000.] 
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Microscopical  Examination. 


Watkr  Supply  of  Medford. 

The  advice  of  the  State  Board  of  Health  to  the  city  of  Medford, 
relative  to  taking  a  temporary  additional  water  supply  fr6m  the 
ground  a  short  distance  north  of  Webster  Street,  in  the  valley  of 
a  small  brook  which  has  its  source  near  Spot  Pond ;  also  relative 
to  taking  water  directly  from  the  upper  portion  of  this  brook,  may 
be  found  on  page  32  of  this  volume. 

The  works  for  taking  a  supply  of  water  from  the  ground  wer© 
completed  in  July,  1893,  and  consist  of  a  system  of  tubular  wells 
north  of  Webster  Street,  between  Fulton  and  Forest  streets,  a 
pumping  station  and  a  short  length  of  force  main  connecting  with 
the  distributing  system  of  the  town.  There  are  fourteen  two  and 
one-half  inch  tubular  wells,  varying  in  depth  from  thirty  to  fifty- 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES.  217 

UEDFOBD. 

two  feet.  These  are  approximately  in  two  parallel  liDes  and  the 
extreme  wells  are  about  three  hundred  feet  apart  ia  an  easterly  and 
westerly  direction,  and  one  hundred  and  sixty  feet  in  &  northerly 
and  southerly  direction.  As  these  wells  did  not  furnish  as  much 
water  as  was  desirable,  in  view  of  the  low  level  of  the  water  in 
Spot  Pond,  additional  works  were  constructed  early  in  1894  for 
pamping  water  from  the  unpolluted  upper  portion  of  the  brook. 

Analyses  of  water  from  various  sources  within  the  town  are  given 
b«low.  Further  information  regarding  the  water  supply  of  Medford 
from  Spot  Pond  may  be  found  on  pages  29-32  and  203,  and  analyses 
of  water  from  the  pond  may  he  found  on  page  205. 


Otemkal  Examinalton  of  Water  from  Tubular  Wetls  used  a 
of  Water  Supply  for  Medford. 

[PmW  per  lOft.OM.I 


n  Addilitmal  Source 


J 

1 

»»«.... 

t 

t 

A..O.,.. 

1 

l,^„ 

1 

1' 

1 

s 

-^ 

! 

t 

! 

i 

i 

I 

i 

1 

1 

m, 

J.Tis 

Soo«, 

None. 

0.0 

•'■- 

.oou 

.0002 

,T0 

.OflOO 

.0000 

««» 

T.O  I.OOW 

m  A«g.  T 

Mom. 

Hou. 

0.0 

.0000 

.«K» 

.M 

.0100 

.0000 

.«. 

s.s  Loom 

>1W  N«.« 

Xo». 

none. 

O.D 

u.m 

.0000 

.0000 

.M 

.OTSO 

.0000 

3.9    .0000 

lUT^  D«.  IS 

Nod.. 

HODO. 

0.0 

"" 

.0000 

.0000 

-.85 

-OMO 

.oo«. 

■"*■ 

8.0  '.0000 

ii 



0.0 

1S.30 

.0001 

■"■ 

.It 

.0060 

.0000 

.03SO  1  8.8  I.OMO 

'^1  MM. Th*  wmplM  won  eallMMd  troa  •  bncalaltlu  umponry  pumplDi  MaUoo  wldto 


Microscopical  Examination, 
n  of  organlmi*  wara  foand  Id  tlw  tlru  ud  third  tuoplMi  In  the  ottwti  di 


218 


STATE  BOARD   OF  HEALTH.         [Pab.  Doc. 


MEDFOKD. 

Chemieai  Examination  of  Water  from  Welb  in  Medford,  eolkded  during  ( 
Investigation  for  an  Additional  Water  Supply. 

[PuU  par  100,000.] 
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Water  Supply  op  Melrose. 
Several  communications  of  the  State  Board  of  Health  to  the  towD 
of  Melrose,  with  reference  to  taking  aa  additional  water  supply  for 
the  town  from  sources  in  N^ortfa  Andover,  and  from  Tarions  soarces 
within  the  town  of  MelroBe,  may  be  fouad  on  pagea  84—10  of  this 
Tolume. 
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In  Angast,  1893,  an  additional  supply  of  water  was  introduced 
frooi  a  systdm  of  tubular  wells,  owned  by  a  private  company,  and 
located  in  the  westerly  part  of  the  town,  near  the  boundary  line 
betireen  Melrose  and  Stoneham.  The  works  consist  of  a  system  of 
fifteen  two  and  one-half  inch  tubular  wells  varying  in  depth  from 
thirty-five  to  forty-6re  feet,  all  located  in  the  vicinity  of  Spot  Pond 
Brook,  north  of  Wyoming  Avenue.  The  wells  are  connected  with 
a  temporary  pump,  and  water  is  pumped  directly  into  the  main  pipe 
inHVyomiug  Avenue,  which  conveys  water  from  Spot  Pond  to  the 

tOWD. 

Analyses  of  water  from  this  source  and  from  other  sources  within 
the  town  are  given  in  the  tables  below.  Further  information  regard- 
ing the  water  supply  of  Melrose  from  Spot  Pond  may  be  found  on 
pages  29-32  and  203,  and  analyses  of  water  from  the  pond  on  page 

m. 


Oiemieal  Examination  of  Water  Jrom  Tubular  WelU  in  Ike  ValUy  of  Spot  Pond 
Bmk,  near  Wyoming  Avenue,  used  as  an  Additional-  Source  of  Water  Supply 

forUelroie. 
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MELBOSE. 

Chemical  Examination  of  Water  Jrom  a  Group  of  Five  Tubular  Hit  WelU  near 
Ell  Pond,  Melrose. 
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C&emi<»ii  ExamiwUion  of  Water  Jrom  a  Group  of  Three  Su^incA  Tubular  Tat 
WeUa  near  Ell  Pond,  Melrose. 
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Chtmical  Examination  of  WaUrfrom  Tubular  Wells  in  Ihe  vicintly  of  Spot  Pond 
Brook,  North  of  Wyoming  Avenue,  near  the  Boundary  between  Melrose  and 
Sloneham. 

[Parti  per  100,000.] 
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Chemical  Examination  of  Water  from  Ell  Pond,  Melrose. 
[P«ni  p«r  100,000.] 
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MENDON. 


Meniwn. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Meodoo, 
with  reference  to  taking  a  water  suppl;  'for  the  town  from  Mendon 
Fond,  also  known  as  Nipmuck  Pond,  may  be  foand  on  pages  40-41 
of  this  volume. 

The  advice  of  the  Board  to  the  town  of  Uxhridge  with  reference 
to  the  use  of  this  pond  as  a  source  of  water  supply  for  that  town 
is  given  in  the  annual  report  for  lt{92,  pages  i&-i^.  For  analyses 
of  samples  of  water  collected  from  Mendon  Fond,  see  Uxbridge. 


Water  Supply  of  Methuen. 
The  advice  of  the  State  Board  of  Health  to  the  town  of  Methuen 
with  reference  to  obtaining  a  water  supply  for  the  town  from  the 
ground  in  the  vicinity  of  Sargent's  Brook,  and,  subset] uently,  with 
reference  to  obtainiDg  a  water  supply  from  the  ground  in  the  vicinity 
of  the  Spicket  River  near  the  point  where  it  is  joined  by  the  brook 
flowing  from  Harris  Pond,  may  be  found  on  pages  41-42  of  this 
volume.  Works  for  supplying  the  town  with  water  from  wells  in 
the  vicinity  of  the  Spicket  River  were  begun  near  the  end  of  1803. 


Chemical  Examination  of  Water  from  the  Spicket   Biver  at  Mouth  of  Harm 
Pond  Brook,  and  from  a  Tubular  Welt  in  the  Vicinity. 

[PirU  pw  100,000.] 
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MBTHUEH. 

Cfemfcai  Exaniination  of  WaUrfrom  a  Brook  and  Tulwlar  Teat  WeU»  »«  BargerO's 
Meadow,  Methuen. 

[P«tt.p.r  100,000.] 
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Microscopical  Examination. 


Water  Sopplt  of  Miudleborouoh  Fire  Disthict.  —  Mtodle- 

BOROnOH. 
CiflstMi  Examination  of  WaUr  from  the  Well  of  the  Middkborough  Fire  District. 
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Water  Supply  of  Middleton. 
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Water  Sitpplt  of  Millis.  —  Millib  Water  Company. 
Chemical  Examination  of  Water  from  the  Agua  Bex  Spring,  MUHi. 
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Microscopical  Examination  of  Water  from  Aqua  Bex  Spring,  Mitlia. 

[Mambar  ol  otgaalami  per  «ublo  ceoUoialar.) 
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AVater  SnppLT  OF  Milton.  —  Mri-TON  Watee  Cowpant. 
The  water  supplied  by  this  compaoy  to  the  town  is  purchased 
from  the  Hyde  Park  Water  Company.  A  statement  in  regard  to 
the  supply  and  analyses  of  the  water  may  be  found  on  pages 
173-176,  Analyses  of  samples  of  water  from  Pine  Tree  Brook, 
and  from  a  test  well  near  it,  made  in  coDDection  with  an  investiga- 
tion for  a  new  source  of  water  supply  for  Milton,  are  given  below. 


Chemical  Examination  oj  Water  from  Pine  Tree  Brook,  Millon. 

[FsMapal'lOO.MM,] 


i  J 

i™„„.. 

"iv'ssi;" 

""•■"■ 

{ 

..,.„„ 

1 

ii 

i 
1 

1 

1 

i 

J 

F 

i 

1 

1" 

|1 

l'  = 

1 

miTi 

»,„., 

,..,..,.L 

.,J,,„ 

.,„ 

.,,„ 

1 

.9439,  l.l' 

Microscopical  Examtntaion. 

n>D|1.  Cmot/irix,  1.    1I1k«]Iu»di,  ZoOglaa.  3.    Tout,  4. 


Omitat  Examination  of  Waier  from  a  Tubular  Teat  Well  in  the  Valley  of  Pine 
Tree  Brook,  Milton. 
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MONTAGtTE. 

Water  Supply  or  Turner's  Falls  Fire  Distkict.  —  Montague. 
Chemical  Examinaliott  of  WaUrfrom  Lake  PleatatU,  Montague. 
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Mienaeopieal  Examination  of  Water  from  Lake  Pleasant,  Montague. 
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Water  Supply  op  Nahant. 

(See  Swampscolt.) 

I  TiTER  Supply  of  Nantucket.  —  Wannacomet  Wateh  Comfant. 
Waonacomet  Pond,  the  source  of  supply  of  this  company,  has 
P^en  trouble  on  several  occasion.^  owing  to  the  presence  in  the 
*«ter  of  abuitiiaut  growths  of  the  orgunisui  Anab(sna,  which  has 
pnenilly  appeared  about  midsummer  and  disappeared  in  October. 
Thepoud  is  a  natural  basin  with  sandy  shores  and  a  muddy  bottom, 
iuriag  an  area  of  about  eight  acres  and  a  general  depth  of  about 
fourteeo  feet.  It  has  no  visible  inlet  or  outlet  and  is  supplied  with 
wter  which  percolates  into  it  from  the  sandy  territory  with  which 
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the  poDd  is  surrounded.  In  1891  the  Anaboena  gave  more  sertoas 
trouble  than  in  any  previous  year,  and  in  order  to  provide  a  remedy 
in  the  event  of  any  recurrence  of  the  trouble  a  filter  was  con- 
structed near  the  shore  of  the  pond  for  use  at  such  times.  In 
1892  the  pond  was  wholly  free  from  these  organisms*,  and  there  was 
no  occasion  to  use  the  filter ;  but  in  1893  the  organisms  reappeared 
in  great  numbers,  and  the  filter  was  used  nearly  all  of  the  time  from 
August  8  to  October  18. 

A  description  of  the  filter  and  an  account  of  the  results  obtained 
by  its  use  during  the  period  above  indicated  are  contained  in  a 
paper  read  by  Mr.  W.  F.  Codd,  superintendent  of  the  works, 
before  the  New  England  Water  Works  Association,  and  many  of 
the  following  statements  are  taken  from  this  paper.  The  subject  is 
a  particularly  interesting  one  because  it  is  the  first  attempt  to  filter 
in  this  manner  a  water  containing  large  numbers  of  algee. 

In  constructing  the  filter  a  water-tight  circular  basin  or  reservoir, 
sixty-four  feet  in  diameter  at  the  bottom  and  six  feet   deep,  with 
slopes  of  two  horizontal  to  one  vertical,  was  first  made.     The  bot- 
tom of  this  basin  consisted  of  a  layer  of  puddle,  one  foot  in  thick- 
ness, and  the  slopes  were  formed  of  the   same  material.     In  the 
centre  a  circular  brick  well  was  built  to  collect  the  filtered  water, 
15.25  feet  in  diameter  inside  and  eight  feet  deep.     The  bottom  of 
this  well  is  of  concrete  and  is  somewhat  lower  than  the  bottom  of 
the  filter.     The  construction  of  the  filter  proper  was  then  begun  by 
coverino:  the  clay  bottom  with  a  layer  of  sand  one  inch  in  thickness, 
over  which  was  placed  a  layer  of  round  and  broken  stones  about 
two  feet  in  thickness.     Imbedded  in  the  layer  of  stones  are  four 
main  lines  of  twelve-inch  vitrified  pipe,  each  having  six  branches 
extending  out  from  each  side,  designed  to  collect  the  filtered  water 
and  convey  it  to  the  collecting  well.     Above  the  layer  of  stones  is 
a  six-inch  layer  of  gravel,  and  then  a  layer  of  filtering  sand  from 
twelve  to  sixteen  inches  in  thickness,  which  was  placed  in  three 
layers,   each   rolled   with   a   stone-roller.      Wrought-iron   aeration 
pipes,   perforated   with   hol^s,   three   thirty-seconds  of  an  inch  in 
diameter  and  two  feet  apart,  were  laid  in  the  bottom  of  the  collect>- 
ing  well  and  inside  of  every  vitrified  pipe  under  the  filter  bed,  it 
being  the  intention  to  aerate  not  only  the  filtered  water  but  the  filter 
bed  itself. 
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The  surface  of  the  filter  is  level  and  about  five  feet  above  high- 
water  mark  in  the  pond,  so  that  water   has  to  be  pumped  upon 
it.    The  pond  water  is  pumped  through  a  six-inch  pipe  which  rises 
vertically  through  the  filtering  material  to  the  surface  of  the  filter, 
and  the  water  is  kept  at  a  depth  of  from  twelve  to  eighteen  inches 
above  the  surface  of  the  sand.     The  filter  was  kept  saturated  and 
covered  with  water  at  all  times,  although,  as  it  was  the  custom  to 
pump  water  upon  the  filter  and  draw  the  filtered  water  from  the 
collecting  well  at  the  same  time,  the  filtration  through  the  sand  took 
place  only  while  the  pumps  were  in  operation.     As  a  rule  air  was 
forced  through  the  aeration  pipes  during  most  of  the  time  when  the 
pumping  was  in  progress. 

The  rate  of  consumption  during  the  summer  ranged  from  150,000 
to  220,000  gallons  per  day,  so  that  the  rate  of  filtration  if  it  had 
been  continued  through  the  whole  twenty-four  hours  would  have 
l)een  from  1,420,000  to  2,080,000  gallons  per  acre  per  day  (1.4  to 
2.0  gallons  per  square  foot  per  hour) .  The  pumps  were  generally 
operated  from  an  hour  to  an  hour  and  a  half  at  a  time,  while  the 
tank  was  being  filled,  and  then  shut  down  for  three  or  four  hours. 
Under  these  circumstances  the  filtration  took  place  at  a  much  more 
rapid  rate  than  is  above  indicated.  It  is  stated  that  the  filter  is 
intended  to  operate  at  the  rate  of  five  gallons  per  square  foot  per 
hoar. 

As  already  indicated,  the  AnoAoena  appeared  in  such  numbers  in 
1893  as  to  cause  complaint  from  the  water   consumers,   and  the 
operation  of  the  filter  was  begun  on  August  8.     At  first  the  results 
Appeared   to  be  satisfactory,  98  per  cent,  of  the  organisms  being 
removed  from  the  water  on  August  14,  and  nearly  all  of  the  odor  and 
color.     After  twelve  days'  use,  while  the  filtered  water  still  appeared 
to  be  clear,  complaints  of  the  odor  of  the  water  began  to  be  made 
by  the  consumers.     Two  days  later  it  was  noticed  that  a  scum  had 
formed  upon  the  surface  of  the  sand  and   the   filter   had   become 
clogged.     This  clogging  was  relieved  by  raking  the  surface,  and 
did  not  occur  again.     After  twenty-two  days'  use  the  odor  of  the 
filtered  water  was  so  strong  that  the  use  of  the  filter  was  discon- 
tinued, the  water  was  drawn  down  and  a  layer  half  an  inch  in  depth 
^as  removed  from  the  surface  of  the  filter.     The  greater  part  of  the 
matter  removed  from  the  water  by  filtration  was  found  within  a 
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quarter  of  au  inch  of  the  surface.  In  some  places*  however,  the 
sand  was  stained  to  a  depth  of  eight  or  ten  inches.  It  was  also 
noticed  that  the  air  used  in  aerating  the  filter  had  passed  up  through 
the  material  unevenly  and  had  come  to  the  surface  at  several  places 
where  little  craters  were  formed.  The  portion  of  the  aerating  pipes 
extending  beneath  the  filter  bed  were  accordingly  disconnected  and 
were  not  used  again  during  the  season.  The  filter  was  again  used 
for  a  few  days  beginning  September  1 ,  but  the  odor  of  the  filtered 
water  was  so  strong  that  it  was  again  discontinued.  Up  to  this 
time  light  was  admitted  to  the  collecting  well,  but  afterward  it  was 
excluded. 

It  is  also  to  be  noted  that  these  unfavorable  results  were  obtained 
during  the  portion  of  the  year  when  the  pond  water  had  a  high 
temperature,  which  was  increased  by  the  exposure  of  the  water  in  a 
thin  layer  upon  the  filter  bed  and  by  the  warm  air  pumped  in  for 
aeration  from  the  engine-room.  After  September  29,  when  the 
temperature  of  the  water  was  below  sixty  degrees  Fahrenheit,  the 
filter  was  operated  without  any  trouble  and  there  was  said  to  be  no 
odor.  On  October  18  the  filtration  was  discontinued  for  the  season, 
as  the  Anaboena  had  disappeared  from  the  pond. 

The  results  of  the  chemical  and  microscopical  examinations  as 
given  in  the  following  tables  show  that  a  very  large  proportion  of 
the  Anaboena  were  at  all  times  removed  by  filtration,  but  at  times 
there  was  a  very  abundant  development  of  Zooglcea  in  the  filtered 
water.  For  instance,  in  the  sample  collected  on  September  20,  when 
the  unfiltered  water  contained  508  Anabodua  and  Anaboena  spores 
per  cubic  centimeter,  the  number  in  the  filtered  water  was  63.  In 
the  unfiltered  water  there  were  no  Zooglcea  and  in  the  filtered  water 
480.  On  this  date  the  amount  of  organic  matter  as  indicated  by  the 
albuminoid  ammonia  was  reduced  only  about  one-fourth,  but  as  a 
rule  nearly  three-fifths  of  the  organic  matter  was  removed  by 
filtration. 
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Works  before  and  after  FiUration. 

[Note.  —  Fignrei  In  bold-Ikud  t7pe  iboir  tbe  rasulu  of  eiamlnntiona  of  water  from  the  pond. 
ngnm  la  Romui  type  sbonr  remlu  of  examlimtioiiB  at  tbe  water  after  paaaing  throngh 
tbe  llllei.] 
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NEW  BEDFORD.  % 

Microscopical  Examination  of  Water  from  Little  Quitt€icas  Pond,  LaheviUe. 

[Nomber  of  orgmnlamt  per  oublo  centimeter.] 
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Table  showing  Heights  of  Water  in  Acushnet  Heservoir  and  Little  Quittaeas  Pond 
on  Dates  when  Samples  of  Water  were  collected  Jor  Analysis, 
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NEWBURYPOBT. 

Water  Supply  op  Newburyport.  —  Newburyport  Water 

Company. 

The  use  of  water  from  the  Merrimack  River  by  the  Newburyport 
Water  Company  for  the  supply  of  the  city  was  the  subject  of  a  com- 
manication  from  the  State  Board  of  Health*  to  the  company  in  No- 
vember, 1892,  pointing  out  the  danger  of  infection  from  typhoid  fever 
incurred  by  the  use  of  this  source  and  advising  that  a  further  supply 
of  pure  water  be  obtained  without  delay.  The  continued  use  of  the 
river  water  was  the  apparent  cause  of  an  epidemic  of  typhoid  fever 
in  Newburyport  in  January''  and  February,  1893,  which  led  the  Board 
to  send  a  letter  relative  to  this  subject  to  the  mayor  of  the  city  early 
in  March,  a  copy  of  which  may  be  found  on  page  43  of  this  volume. 
The  city  of  Newburyport  subsequently  applied  to  the  State  Board 
of  Health  for  advice  relative  to  the  use  of  water  from  the  Artichoke 
Biver,  either  directly  or  after  filtration,  for  the  supply  of  the  city, 
and  the  reply  of  the  Board  may  be  found  on  page  4.4. 

The  Newburyport  Water  Company  increased  its  ground-water 
8apply  in  1893  by  taking  the  Jackman  Spring,  so  called,  and  pro- 
viding a  temporary  pump  and  pipe  to  pump  and  convey  the  water 
from  this  spring  to  the  preisent  works.  It  also  constructed  a  well 
about  fifty  feet  in  diameter  and  fourteen  or  more  feet  in  depth,  a 
short  distance  from  its  present  wells,  and  near  the  edge  of  the  small 
reservoir  by  the  pumping  station.  The  works  as  enlarged,  however, 
are  not  likely  to  furnish  a  sufficient  supply  for  the  city  of  Newbury- 
port. 

It  will  be  noticed  by  reference  to  the  table  of  analyses  on  page 
M2  that  a  very  unusual  amount  of  chlorine  was  at  times  present  in 
the  water  supplied  by  the  company  to  the  city.  This  result  is  due 
to  the  use  of  water  from  the  Merrimack  River  which  contained  a 
wnall  amount  of  sea  water. 

Analyses  of  water  from  the  Artichoke  River,  and  from  other 
sources,  examined  in  connection  with  the  investigation  of  new  sources 
of  water  supply  by  the  city,  will  be  found  in  tables  which  follow. 


•  Report  of  the  State  Board  of  Health  for  the  year  1892,  page  37. 
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NEWBUKYPORT. 

Chemical  Examination  oj  Water  frotn  the  Small  Storage  Rewrvoir  of  lie 
Ncwburyport  Water  Company. 

[Tsn*  per  100.000.] 


j 

„,„„.„. 

■Kr^'L"." 

Awuin*. 

Nmoan 

1 

1 

3 

1 

1 

1 

f 

i_ 

i 

t 

ii 

i 

1 

i:i 

-X:,. 

1 

«ta/ey. 

OD,  .IBM.    Odor,  diMlDMIjr  vtEcuble.— 


wu  oolleeWd  tram  t1 


Mieroseopieat  Examination. 


Chemicdl  Examination  oj  Waler  from  a  Faucet  in  Newburyport,  supplied fm* 
the  Works  of  the  Neteburyporl  Water  Company. 

[PuU  par  100,000-1 


■5^ 

1 

:»„„,.-  - 

g 

i- 

A.H 

.«,.. 

Nr™o„ 

1 

j 

1 

: 

1 

1 

1 

i 

1 

1 

oasi 

a:";. 

No™. 

Nopo. 

0.02 

10.00 

.0010 

.OOM       2 

S8 

.0300 

.«»« 

.ain 

3.0 

.<m 

owo 

J»n.  aa 

None. 

v:  .light. 

- 

0.10 

n.io 

.0013 

.0010 

M 

.MOO 

- 

-ISM 

2.1 

.ois 

Mio 

Fob.     0 

Bllghl. 

V.-llghi. 

0.08 

31.B5 

.0002 

.0102      It 

H 

.0000 

.3M5 

T.» 

.oin 

100S8 

Apr.    S 

DUlloct. 

V.«llg61. 
Slighl. 

020 

s!w 

.0012 

.0012 

OB 

.OlW 

.0001 

.ust 

2.2 

.0170 

.out 

vtm 

u.r    B 

DlSia; 

Slight. 

Enrlhy. 
Bllgbl/ 

0.30 

a.ao 

.00£i 

.0072 

11 

.0160 

.0004 

.IBM 

1.0 

.OIM 

I04M 

JyD>    7 

vX'. 

0.10 

&.30 

.DOM 

.OOM 

(6 

.OIEO 

.0000 

-IW 

3.3 

.01» 

10600 

July    e 

v'XS,; 

Biigh. 

Q.K, 

e.uo 

.0004 

.UMO 

40 

.otso 

.0000 

.0730 

3.1 

.0120 

loj.'.a 

Aug.    0 

".vjri- 

V..llilil. 

0.20 

O.M 

.0000 

.00(0 

48 

.0U70 

.0000 

.1»43 

2.2 

.om 

IIOII 

Sept.  11 

sCa:" 

BllghV. 

'J.1U 

T.JO 

.0000 

.003S        1 

■Jit 

.0070 

.0000 

.OSM 

2.7 

.0900 

IIIM 

Ucl.     0 

V.allxhl. 

None. 

0.05 

6.H 

.0000  '.IMIO 

48 

.0000 

.0102 

2.2 

.OMO 

lUKM 

IH.llDel. 

NcfflB. 

o-oa 

e.oo 

.0000    .UVi. 

4> 

.0180 

.0000 

.oeao 

2.3 

.OIM 

^ 

.-. 

"■" 

z 

.oonLoo.s     3 

;; 

l« 

.0000 

.0001 

.1301 

2.T 

mm 

Av.. 

1 
I 

.««2|o 

frtqaenlly  oooe. The  nm\ 


»  hnoet  M  Ko.  I  8Ut* 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES.  243 

NBWBtJBTPOBT. 

Mienscopical  Examinalio?*  of  Waler  from  a  Faucet  4n  Netoburyport,  supplied 
from  the  Works  of  Ihe  Newburyport  Water  Company. 

orgwilima  per  eublo  MDllneter.] 
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NEIVBUKXTO  RT. 

Chemical  Examination  oj  Waler  from  the  Artichoke  Biver  in  WtH  Newbury. 

[Puru  per  loo/ioo.] 
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ITEWTON. 

lUeroseopieal  Examinalion  of  Water  from  a  Faucet  at  the  Navion  Water  Works 
Pumping  Station. 

[ITnmbeT  ot  oriulami  per  cubic  ceiitlni»l«r.] 
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Chtmkat  Examination  of  Water  from  the  Covered  DiatrtinUing  Reservoir  of  the 
Newton  Water  Works. 
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NEWTOS. 

Microscopical  ExaminaHon  of  Water  from  the  Covered  Dittributing  Batncttj 
the  Newlon  WaUr  Works. 
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Division  of  the  Mwton  Sewerage  System. 
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NEWTON. 

Microscopical  Examination  of  Water  from  the  Main  Underdrain  of  the  Hyde 
Brook  Divisuyn  of  the  Newton  Sewerage  System, 

[Namber  of  organiaroa  per  cable  centimeter.] 


D*y  of  examination, 
Xnmber  of  aample, 

PLANTS. 
DiatomacesB,   . 
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4 
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26 

12 

67 

S 

96 

82 

Chemical  Examination  of  Water  from  Main  Underdrain  of  the  Cheesecake 
Brook  Division  of  the  Newton  Sewerage  System. 

[ParU  per  100,000.] 
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1 

*  Where  more  tbjui  on^aample  waa  collected  in  a  month  the  mean  analyale  for  that  month  baa  been 
OMd  la  naldog  the  average. 

Odor  of  the  llrat  aample,  faintly  mouldy;  of  the  aecond,  none,  becoming  faintly  earthy  on  heating; 

9ilkt  laalMnplo,  none,  becoming  faintly  vegetable  on  heating;  of  the  remaining  aamplea,  none. 

Tit  wplaa  were  eolleeted  from  the  anderdraln  at  ita  outlet. 
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NEWTON. 

Mieroseopical  Examinalion  of  Water  from  the  Main  Underdrain  of  the  Cheae- 
cake  Brook  DivMon  of  the  Newton  Seieerage  System. 

[Number  of  OTfOtum  per  c 
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C!ft«mical  Examination  of  Water  from  the  Main  Underdrain  beneath  the  Laundry 

Brook  Valley  Sewer,  Newton. 
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Mieroaeopieai  Examination. 
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nobthampton. 

Water  Supply  of  Northampton. 

Cteraical  Examinaiion  of  Water  from  the  Upper  and  Lower  Storage  Reservoirs 

of  the  NorthampUm  Water  Works  on  RoberW  Meadow  Brook. 

[PuU  par  100,000.] 
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Microscopical  ExatnifwUiott. 
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North  Andover. 
The  advice  of  the  State  Board  of  Health  to  the  town  of  North 
Aodover  with  reference  to  taking  a  supply  of  water  for  the  town 
from  Great  Pond  may  be  found  on  page  44  of  this  volume.  The 
following  analysis  of  a  sample  of  water  from  Boston  Brook  in 
North  Andover  was  made  during  an  investigation  for  a  new  source 
of  water  supply  for  Melrose. 
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Water  jrom  Boilon  Brook,  Norlk  Andover. 
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kobth  atti.bborouoh. 

Water  Supply  of  North  Attleborouoh. 

ChemuMl  Examination  of  WaUr  from  the  WeU  of  the  North  AOUborough  Water 

Woria. 
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Microseopieal  Examination. 


Chemical  Examtnation  of  Water  Jrom  Faucets  in  North  Mlteborough,  supplied 

from  the  North  AUleborough  Water  Works. 
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Microscopical  Examination. 
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nobthbobottgh, 

Water  Scpply  of  Northbohouoh. 
Chemical  Examinalion  of  Water  from  the  Norlhborough  Water  Works. 

[Put*  per  tW.OOOO 
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Mirroscopicai  Examination  of  Waitrfrom  the  Northborough  Water  Works. 
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NOBTHBOROU6H. 

Microscopical  Examination  of  Water  from  the  Northhorough  Water  Works 

—  Concluded. 

[Number  of  organiimi  per  cubic  centimeter.] 


ANIMALS 
Bhlzopoda,  Dlfflugia, 

InAisoria 

PeridlDlnm, 
Trachelomonaa, 

Vermes,      .... 

Annrea.     .... 
Polyarthra, 
RotatorUo  ova, 

Onistacea 

Daphnla,   .... 
Bntomoitracan  ova, . 

Mltcellaneoui,  Zo&glcsa, 
Total,      .... 
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Water  Supply  of  North  Brookfield. 

Description  of  Works,  —  The  works  are  owned  by  the  town  and 
were  completed  in  1893.  Th%  sources  of  supply  are  Doane  Pond 
and  North  Pond,  formerly  known  as  Horse  Pond,  supplemented  by 
water  diverted  into  it  from  North  Brook.  Water  is  pumped  by 
water  power  at  a  station  near  Doane  Pond  to  a  distributing  reservoir 
on  Bell  Hill  and  thence  distributed  to  the  town. 

Water  can  be  drawn  from  either  pond,  but  it  is  proposed  to  draw 
the  supply  for  domestic  use  from  Doane  Pond,  using  the  surplus 
water  from  Doane  Pond,  in  connection  with  the  water  from  North 
Pond,  to  furnish  power  for  pumping. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES,  253 

NORTH  BROOKFIEIiB. 

The  areas  of  watersheds  (iDcluding  the  water  surfaces)  of  sources 
controlled  ^y  the  town,  as  determined   by  actual   survey,  are  as 

follows : 

North  Brook, 487.9  acres. 

Side  Hill  Canal  from  North  Brook, 25.0      " 

North  Pond, 195.6      " 

DoanePond, 899.7      " 


Total, 1.608.2 


(C 


The  size  of  the  Doane  Pond  watershed,  as  given  in  the  table, 
includes  the  whole  of  Stoddard  Brook,  which  has  a  watershed  of 
425.8  acres.  Provision  has  been  made  by  which  the  water  of 
Dearly  all  of  this  brook  can  be  turned  into  North  Pond  when  it  is 
desirable  to  do  so. 

With  the  exception  of  a  portion  of  the  watershed  of  North  Brook, 
which  rises  in  New  Braintree,  the  watersheds  of  the  sources  of 
supply  are  within  the  limits  of  North  Brookfield. 

North  Pond  has  an  area  of  69.6  acres  and  a  capacity  of  about 
350,000,000  gallons.  It  has  been  used  for  many  years  as  a  storage 
reservoir  to  supply  power  to  a  mill  situated  just  below  Doane  Pond. 
A  new  dam  six  feet  higher  than  the  old  one  has  been  constructed  by 
the  town  about  500  feet  down  stream  from  the  old  dam,  thus  greatly 
increasing  the  area  and  storage  capacity  of  the  pond.  It  is  said  that 
the  pond  is  thirty  feet  deep  in  some  places  and  may  average  eigh- 
teen feet.  The  water  of  North  Pond  is  conveyed  to  the  pumping 
station,  situated  just  below  Doane  Pond,  by  means  of  a  canal,  with- 
out passing  through  Doane  Pond. 

Doane  Pond  is  an  artificial  reservoir  constructed  many  years  ago 
for  use  as  a  mill  pond.  Since  its  acquisition  by  the  town  as  a  source 
of  water  supply  the  dam  has  been  raised  three  feet,  increasing  its 
area  to  30.9  acres  and  its  capacity  to  53,800,000  gallons. 

A  filter  entirely  surrounded  by  water  has  been  constructed  at 
Doane  Pond  near  the  dam,  by  building  two  concentric  walls  having 
w  annular  space  five  feet  wide,  filled  with  gravel,  between  them. 
In  the  centre  is  a  filtered-water  well  fifteen  feet  in  diameter  and 
fifteen  feet  deep.  Water  for  the  supply  of  the  town  is  drawn  from 
this  well. 

The  distributing  reservoir  is  rectangular  in  shape,  159  by  117  feet 
it  the  foot  of  the  slopes  and  222  by  180  feet  at  the  top  of  the  slopes 
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inside.  It  is  DiDeteeD  feet  in  depth  from  the  top  of  the  embank- 
ments and  when  611ed  to  a  depth  of  fifteen  feet  will  ccAitain  about 
2,950,000  gallous  of  water.  The  slopes  are  lined  with  clay  puddle 
four  feet  in  thicknesa,  covered  with  a  six-inch  layer  of  broken  stone, 
upon  which  is  laid  a  stone  paving  one  foot  in  thickness.  The  bottom 
is  covered  with  broken  stone  and  binding  material  to  a  depth  of  six 
inches. 

Water  enters  the  reservoir  at  the  bottom  on  the  north  side  and  is 
drawn  out  about  one  foot  from  the  bottom  on  the  south  side.  An 
arrangement  has  been  made  whereby  water  may  be  sprayed  into  the 
reservoir  from  a  pipe  near  its  centre.  It  is  intended  to  pump  all 
water  to  the  distributing  reservoir,  but  a  direct  connection  has  been 
made  whereby  water  may  be  pumped  directly  to  the  town  in  case  of 
emergency.     The  distributing  mains  are  of  cast-iron. 


Chemical  Examination  of  Water  from  Faucets  in  North 

the  North  BrookfieU  WaUr  Works. 
[IMnt  p«rl<».«W.] 
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Microscopical  Examination. 

Irriomlla.i.'Ud:   TabrUaHa,'.     Alge,  ZwTipont,  IB.    lDlll»rll,l 
.diaiujn.  n.    UUcaJlBSBaui.  Zongliia,  3.    Toul,  IpSM. 
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Water  Scpply  of  Norwood. 
The  organism  Ui-o^hna,  which  was  present  in  large  numbers  in 
the  water  of  Buckmaster  Pond  in  1892,  reappeared  in  much  smaller 
numbers  for  a  short  time  in  the  early  part  of  1893,  and  also  in  very 
small  numbers  toward  the  end  of  the  year.  A  description  of  this 
organism  and  an  account  of  its  effect  upon  the  taste  and  odor  of 
water  may  be  found  in  the  annual  report  of  the  State  Board  of 
Health  for  1891,  pages  645-658. 
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NOBWOOD. 

Chemical  Examinaiion  of  Waler  from  BuckmasUr  Pond,  Dedham. 

[Part*  per  100,000.] 
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MicrMeopical  Examination  of  Water  ftvm  Buckmaater  Pond,  Dedham. 
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(^emicai  Examination  of  Water  from  Faucets  in  Norwood,  supplied  pvm 
Buckmaster  Pond. 
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NORWOOD. 

Table  showing  Heights  of  Water  in  Buckmaster  Pond  once  each  Month  in  1893. 

[Distance  below  crest  of  dam.] 


Jan.  1, 
Feb.  2, 
Mar.  2, 
Apr.  3, 
May  2. 
June  £, 


Datk.  — 1893. 


Date.  •  18M. 


Fact. 


Jaly    3, <  1.06 

Aag.  22, 2.84 

Sept.   1, 3.47 

Oct.     3, 1  4.92 

Nov.    1, 5.60 

Dec.    1, 0.29 


Water  Supply  of  Orange. 

Description  of  Works.  —  Population  in  1890,  4,568.  The  works 
are  owned  by  the  town,  and  water  was  introduced  near  the  end  of 
1893.  A  portion  of  the  town  had  been  supplied  for  a  number  of 
years  previous  to  this  time  with  water  from  small  works  owned  by 
the  New  Home  Sewing  Machine  Company,  the  supply  being  partly 
from  Miller's  River  and  partly  from  springs.  The  new  sources  of 
supply  are  Coolidge  Brook  and  North  Pond  in  the  south-westerly 
part  of  Orange. 

The  new  works  consist  of  a  collecting  reservoir  on  Coolidge  Brook, 
a  storage  reservoir  formed  by  raising  North  Pond,  a  second  reservoir 
on  Coolidge  Brook,  located  a  little  less  than  a  mile  below  the  col- 
lecting reservoir,  built  to  furnish  power  for  pumping,  and  known  as 
the  Greenhalge  Reservoir,  a  pumping  station  located  just  below  the 
Greenhalge  Reservoir,  a  distributing  reservoir,  and  a  system  of  dis- 
tributing pipes  in  the  town.  North  Pond,  though  situated  in  a  dif- 
ferent watershed,  lies  so  near  Coolidge  Brook  and  at  such  an  elevation 
that  it  was  feasible  to  use  it  as  a  storage  reservoir.  The  surplus 
water  of  the  brook  is  diverted  into  the  pond  by  gravity  through 
a  pipe  leading  from  the  collecting  reservoir,  and  the  water  of  the 
pond  will  flow  by  gravity  into  the  Greenhalge  Reservoir. 

The  total  drainage  area  of  Coolidge  Brook  and  North  Pond  at  the 
Greenhalge  dam,  including  water  surfaces,  is  about  2.16  square 
miles.  It  is  proposed  to  take  water  for  domestic  purposes  from  the 
collecting  reservoir  on  Coolidge  Brook  whenever  it  will  furnish  a 
sufficient  quantity,  because  the  quality  of  the  water  is  more  satis- 
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factory  than  that  from  other  portions  of  the  works,  and  to  use  the 
surplus  water  not  needed  for  the  supply  of  the  town  to  furnish 
power  for  pumping ;  but  an  auxiliary  steam  plant  has  been  provided 
at  the  pumping  station  for  use  at  times  when  the  supply  of  water  is 
insufficient  to  furnish  the  power  needed. 

Coolidge  Brook  is  a  small  tributary  of  Miller's  River  from  the  south 
which  joins  the  river  at  a  point  about  one  and  one-half  miles  below 
the  village  of  Orange.  The  collecting  reservoir  is  located  just 
above  the  point  where  the  brook  is  crossed  by  the  Holshire  road, 
about  one  and  three-quarters  miles  from  its  mouth.  The  drainage 
area  of  the  brook  at  this  point  is  estimated  to  be  about  1.38  square 
miles.  The  reservoir  covers  an  area  of  about  0.72  acre,  and  it  is 
said  to  have  a  capacity  of  2,045,000  gallons  when  filled  to  the  crest 
of  the  overflow,  which  is  three  feet  below  the  top  of  the  dam.  The 
loam  and  sub-soil  are  said  to  have  been  removed  from  all  of  the  area 
flowed.  The  water  which  passes  the  overflow  is  conveyed  through 
a  48-inch  pipe  two  hundred  and  fifty  feet  in  length  and  discharged 
into  North  Pond. 

Provision  has  been  made  for  filtering  the  water  drawn  from  Cool- 
idge Brook  for  the  supply  of  the  town,  by  constructing  on  the  up- 
stream side  of  the  dam  a  rectangular  filter-chamber  of  rubble  masonry, 
10  feet  long,  7.5  feet  wide,  and  of  a  height  equal  to  that  of  the  dam. 
Tlie  filter,  which  is  on  the  up-stream  side,  is  5  feet  6  inches  in  width 
and  of  the  same  height  as  the  walls  of  the  chamber ;  the  filtering 
material,  consisting  of  sand  or  gravel,  is  four  feet  in  thickness,  and 
is  retained  between  perforated  wooden  planks  lined  with  copper  wire 
screens. 

It  is  the  intention  to  have  the  top  of  the  chamber  closed  tightly  in 
order  that  water  may  be  run  back  through  it  under  pressure  so  as 
to  wash  the  filter.  All  matter  forced  out  of  the  filter  in  this  way 
will  mingle  with  the  water  in  the  reservoir.  A  10-inch  waste  pipe 
UJ  laid  beneath  the  dam  to  provide  for  emptying  the  reservoir  when 
necessary,  and  to  waste  the  dirty  water  at  times  when  the  filter  is 
being  cleaned. 

North  Pond  is  located  at  the  head  of  the  middle  branch  of  the 
Sirift  River,  and  originally  had  an  area  of  about  sixty  acres.  The 
area  and  storage  capacity  of  the  pond  have  been  greatly  increased 
by  the  construction  of  two  dams,  raising  the  surface  of  the  pond  to 
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a  level  ten  feet  above  the  former  high-water  mark.  One  of  the 
dams  is  located  at  the  natural  outlet  of  the  pond,  and  the  other  at 
the  northerly  end  at  a  low  place  in  the  divide  between  the  Swift  and 
Miller's  rivers,  over  which  water  would  otherwise  pass  into  Coolidge 
Brook. 

The  present  area  of  the  pond  at  high  water  is  132  acres,  and  the 
increase  in  its  storage  capacity,  obtained  by  raising  the  level  ten 
feet,  is  said  to  amount  to  357,000,000  gallons.  The  drainage  area 
of  the  pond,  including  water  surfaces  and  exclusive  of  Coolidge 
Brook,  is  estimated  to  be  0.66  of  a  square  mile.  By  increasing  the 
height  of  the  water  in  the  pond,  a  considerable  area  of  swamp  land 
has  been  flooded,  which  was  prepared  for  flowage  only  by  the  removal 
of  the  trees. 

Water  from  North  Pond  is  drawn  through  a  canal,  the  bottom  of 
which  at  its  upper  end  is  about  11.41  feet  below  high-water  mark, 
to  Coolidge  Brook,  and  flows  in  the  channel  of  the  brook  to  the 
Greenhalge  Reservoir,  at  a  distance  of  a  little  less  than  a  mile  from 
the  pond. 

Greenhalge  Reservoir  covers  an  area  of  about  1.9  acres  and  is 
said  to  have  a  capacity  of  1,058,000  gallons.  It  was  originally  a 
mill  pond,  and  after  its  purchase  by  the  town  was  enlarged  by  the 
construction  of  a  new  and  higher  dam. 

The  pumping  station  is  located  in  the  valley  of  the  brook  just 
below  the  Greenhalge  Reservoir,  and  from  this  point  water  is  pumped 
to  a  distributing  reservoir  situated  on  Walnut  Hill,  about  a  mile 
south-west  of  the  village  of  Orange  and  between  it  and  the  pumping 
station. 

The  distributing  reservoir  has  the  form  of  a  rectangle,  except 
that  one  end  is  semi-circular;  it  is  162  feet  6  inches  in  length  by 
bO  feet  in  width  on  the  bottom ,  and  20  feet  in  depth  from  the  top 
of  the  embankment.  When  filled  to  high-water  mark,  which  is  five 
feet  below  the  level  of  the  embankment,  it  contains  2,125,000  gal- 
lons. The  slopes  are  lined  with  clay  puddle  four  feet  in  thickness, 
covered  with  a  six-inch  layer  of  broken  stone,  upon  which  is  laid  t 
stone  paving  one  foot  in  thickness.  The  bottom  is  also  of  puddle 
four  feet  in  thickness,  covered  with  a  six-inch  layer  of  broken  stone. 
Water  enters  the  reservoir  through  a  pipe  laid  along  its  bottom, 
and  is  drawn  out  at  the  opposite  end.     Provision  has  been  made 
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for  shutting  off  the  reservoir  from  the  rest  of  the  system  and  pump- 
ing water  directly  to  the  town  if  necessary.  The  distributiug  mains 
are  of  cast  iroD  ;  service  pipes  are  of  galvanized  iron. 


(^emical  Examijtation  of  Water  Jrom  Coolidge  Brook,  Orange. 

[PitU  par  100,000.] 
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Microscopical  Examinalion. 


Chemical  Examinalioh  of  Water  from  North  Poitd,  Orange. 
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PALMER. 

Water  Supply  of  Palmer  Fire  District,  Palmer.  —  Palmer 

Water  Compant. 
Cheinicat  Examination  0}  WaUr  from  the  Works  of  Ihe  Palmer  WaUr  Company. 
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Microscopical  Exatninaiion. 
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Chetniciil  ExaminalUm  of  Witter  from  Little  Sandy,  Stelsoii'f,  Oldhnm  and  Farmux 
Ponds  and  Silver  Lake,  Pembroke. 
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Microscopical  ExamineUion  of  Water  from  Little  Sandy ^  St£tson\  Oldham  and 

Furnace  Ponds  and  Silver  Lake,  Pembroke, 

[Number  of  organUms  per  cnbio  centimeter.] 
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PLTMOUTH. 


Water  Supply  op  Plymouth. 
In  the  early  part  of  1893  the  orgaoiam  Uroglena,  which  was 
present  id  considerable  numbere  ia  1892,  made  its  appearaoce  in  the 
water  of  Little  South  Poad,  and  was  very  abundant  in  the  first  part 
of  February.  It  hud  eotirely  disappeared  by  the  end  of  March  and 
is  s&id  not  to  have  been  noticed  again  during  the  remainder  of  the 
year.  A  description  of  this  organism,  and  its  effect  upon  the  taste 
and  odor  of  water,  was  given  in  the  Twenty-third  Annual  Keport  of 
the  State  Board  of  Health,  pages  645-658. 

Chemical  Examinalwn  of  Water  from  LiUle  South  Pond,  FlymmUh. 
[Pim  p«r  iiM,oiM.] 
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Microscopical  Examitiaiion. 

No.  BMg.    InfotorU,  Uroglfiui,  very  abuDdint. 
No.  10IT>.    HlKellaoeoDa,  Zo»;l«>,4. 


Water  Supply  of  Provincetown. 
Population  in  1890,  4,624.  The  works  are  owned  by  the  town, 
and  were  completed  in  1893.  The  supply  is  taken  from  a  system 
of  six  tubular  wells  located  about  three-fourths  of  a  mile  north  of  the 
centre  of  the  village.  The  wells  are  five  inches  in  diameter,  average 
twenty-eight  feet  in  depth,  and  are  the  same  that  were  used  during 
a  pumping  test  made  in  1892.  The  material  in  which  the  wells  were 
sunk  is  loose  sand,  which,  like  other  sand  in  this  region,  contains 
more  or  less  organic  matter.  The  extreme  wells  are  about  four  han- 
dred  feet  apart  in  an  easterly  and  westerly  direction,  and  two  hon- 
dred  feet  in  a  northerly  and  southerly  direction.  Water  from  the 
wells  is  pumped  to  a  covered  iron  tank  twenty-eight  feet  in  diameter 
and  one  hundred  feet  high,  and  is  distributed  thence  to  the  town. 
In  order  to  aerate  the  water,  the  force  main  ia  carried  vertically  ap 
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PBOVINCETOWN. 

iDside  the  tank  to  its  top,  and  is  provided  with  s  wide  flange  over 
which  the  water  falls  io  a  thin  sheet.  The  distributing  mains  are  of 
cast  iron  ;  service  pipes  of  wrought  iron  lined  with  cement. 

Extended  references  to  the  character  of  this  water,  which  diflTers 
from  other  ground  waters  in  the  State,  may  be  found  in  the  annual 
report  of  the  State  Board  of  Health  for  1892,  pages  41-^4  and 
214-218. 


(^emical  £xami7KUion  of  Water  from  the  Tubular  1 
Waler  Works. 
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Water  Supply  op  Quinot. 

Chemical  Examinaiion  of  Waier  from  Toum  Brook  ju&t  abovt  the  Sloragt 

Beservoir  of  the  Qutney  Water  Works. 
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QUINCT. 

Chtmieal  Examination  of  Water  from  Ok  Storage  Beservoir,  Quincy. 

[P>rUp«r  100.000.] 
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QUINCT. 

Hicroicopieal  Examination  of  WaUr  from  th6  Storage  Betervoir,  Quiney. 
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QTTINCT. 

Ckemical  Examinaium  of  Water  from  the  Surface  and  jrom  near  the  BoUom  of  the 
Quincy  Storage  Beservoir. 

[Pan*  par  lOO.WO.] 
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Table  thawing  Heighta  of  Water  in  the  Storage  Beservoir  of  the  Quincy  Water 
Works  on  Data  when  Samptee  of  Water  were  collected  Jor  Analysis. 
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anbou^  and  uolbbook. 

Wateb  Supply  op  Randolph  and  Holbbook. 
Chemical  Exiimination  of  Water  from  Ortal  Fond  in  Randolph  and  Brainlree. 
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Water  Supply  op  Reading. 
(Xanieai  Examination  of  WaUrfrom  the  FUter-gaUery  of  the  Beading  Water  Works. 
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READING. 

This  water  offers  a  good  instance  of  the  effect  of  a  marshy  soil  on 
the  character  of  the  water  percolating  through  it.  The  organic  mat- 
ter of  the  soil  consumes  the  free  dissolved  oxygen  in  the  water  and 
reduces  the  insoluble  iron  salts  to  the  condition  of  protoxide,  so  that 
iron  passes  into  solution  in  the  water.  On  exposure  of  the  water  to  the 
air  the  iron  is  again  oxidized,  forming  first  a  precipitate  which  gives  the 
water  a  milky  appearance  and  ultimately  settles  as  a  rusty  sediment. 
Conditions  in  some  respects  similar  to  those  at  Heading  are  found  in 
Provincetown,  Bradford  and  Watertown,  and  were  found  in  the  lest 
wells  at  Attleborough  (see  Twenty-third  Annual  Report,  1891). 

The  determinations  of  turbidity  and  color  in  waters  of  this  kind 
do  not  have  the  same  significance  as  in  surface  waters,  but  tbey  are, 
nevertheless,  of  interest  as  showing  a  condition  which  the  water  may 
i»sume,  and  are  therefore  given  in  the  table. 

Mkroseopieal  Examination  of  Water  from  (Ae  Filler-gatlery  of  the  Beading 
Water  Works. 
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Water  Sofply  of  Revere  and  Winthrop.  —  Revere  Water 

COMPANV, 

This  company  obtains  part  of  its  supply  from  wells  in  Revere  and 
psrt  from  wells  in  Saugus.  During  the  year  1893  there  was  a  sud- 
den and  very  decided  increase  in  the  quantity  of  chlorine  present  in 
the  water  of  the  wells  located  at  Revere,  as  shown  by  the  analyses  on 
tbe  following  page,  accompanied  by  a  corresponding  increase  in  resi- 
due on  evaporation  and  in  hardness.     This  deterioration  in  \,\ie  (^'b.Tt 


STATE  BOARD  OP  HEALTH.         [Pab.  Doc. 


acter  of  the  water  ie  due  to  the  preaeoce  of  a  small  amonnt  of  sea 
water  in  the  water  of  these  wells,  which  are  located  only  a  com- 
paratively short  distance  from,  salt  water. 


Chemical  Examinalion  of  Water  from  the  Wells  of  the  Seotrt  Water  Company, 
at  Severe. 
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Microscopical  Examination  of  Water  from  the  Wells  of  the  Bevere  1 
Company,  at  Bevere. 
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Vicroaeopieal  ExaminaUon  of  Water  from  the  Wella  oj  the  Revert  Water  Company, 

at  Revere  —  Conclucled. 

[Numbsr  of  orgulimi  per  aublo  «Dtlm<tar.] 
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anBieaJ  ExaminaUon  of  Water  from  Tubular  WelU  oj  the  Severe  Water  Com- 
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Chemical  Examinalion  of  Water  Jrom  SnipaluU  Pond,  Soehealer. 

[PwU  p«r  IM.OOO.] 
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Watee  Supply  of  Rockland. 
(See  Abington.) 

Water  Supplt  op  Rockport. 
The  advice  of  the  State  Board  of  Health  with  reference  to  Cape 
Pond  and  Mill  Pond  Brook  as  sources  of  water  supply  for  the  town 
of  Rockport  may  be  found  on  page  iH  of  this  volume. 

Chemical  Examination  of  Water  jrom  Cape  Pond,  Rockport. 

(P.ru  p.r  100.000.] 
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Watee  Supply  of  Salem  and  Beverlt. 
The  advice  of  the  State  Board  of  Health  to  the  city  of  Salem, 
with  reference  to  JDcreasing  the  joint  water  supply  of  Salem  and 
Beverly,  by  diverting  the  waters  of  Longham  Meadow  Brook  and 
of  the  brook  flowing  fnSm  Beaver  and  Norwood's  Ponds  into  Wen- 
ham  Lake,  may  be  found  on  page  47  of  this  volume.  Analyses  of 
samples  of  water  collected  from  the  proposed  sources  are  given  in 
the  tables  on  pages  277  and  278. 
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Mioroscopieal  Examination  of  Water  Jrotn  WenAam  Lake,  in  Beverly  and  WenAam. 

[mumbtt  of  argnnlimi  p«  nbis  aantlnattr.] 
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TaMe  nhowing  Height*  of  Water  in  Wenham  Lake  at  Timee  when  Samples  of 
Water  were  eoUeeted  Jor  AnalyHs. 

[Hots.— Blgb- water  mark  It  30.17  (ML] 
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C%emfi»tl  Examination  of  Water  from  Beaver  Pond,  Norwnod't  Pond,  and 
Longham  Meadow  Brook,  in  Beverly. 
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Microscopical  Examination  of  Water  from  Beaver  Pond^  Norwood's  Pond^  and 

Longham  Meadow  Brooke  in  Beverly, 
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Water  Supply  of  Saugus. 

(See  Lynn,) 


ScrruATE. 

The  advice  of  the  State  Board  of  Health  with  reference  to  taking 
a  water  supply  for  the  village  of  Scituate  Harbor  in  the  town  of 
Scituate,  from  the  ground  in  the  vicinity  of  Satuit  Brook,  may  be 
found  on  page  50  of  this  volume.  An  analysis  of  a  sample  of  water 
from  the  flowing  test  well,  referred  to  in  the  communication  of  the 
Board,  is  given  below. 
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Chemical  Examination  of  Water  from  a  Tubular  Tat  Well  in  Scatiaie. 

[Puu  par  100,CKII>  ] 
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Microscopical  Examinaliort. 

So  org>Dl>n». 

Water  Sopply  of  Shakon.  —  Shabon  Watee  Cosipant. 
The  reply  of  the  State  Board  of  Health  to  an  Rpplication  of  the 
Board  of  Health  of  Sharon  for  advice  with  reference  to  the  possible 
pollution  of  the  water  supply  of  the  town  under  existing  conditions, 
*t<]  as  to  the  best  practicable  method  of  assuring  its  purity  in  the 
future,  may  be  found  on  page  51  of  this  report. 

Otemieal  Examination  oj  Water  from  the  Well  of  the  Sharon  Water  Company. 

[part*  p«r  100,000.] 
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Water  Supplt  op  Somerville. 
(See  Boston,  Mystic  Works.) 


ffiTiB  Supply  of  Sodthbridoe.  —  Sodthbbidqe  Water  Supply 

Company. 
Hm  advice  of  the  State  Board  of  Health  to  the  Southbridge 
Water  Supply  Company  relative  to  increasing  its  supply  by  the 
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construction  of  an  additional  storage  reservoir  about  one  mile  south 
of  the  present  upper  reservoir,  and  as  to  improving  the  existing 
supply;  also,  at  a  subsequent  date,  with  reference  to  Increasing 
its  supply  by  taking  water  from  a  proposed  storage  reseiToir  on 
Hatchet  Brook,  may  be  found  on  pages  51-53  of  this  volume. 
Analyses  of  samples  of  water  collected  from  the  present  sources  of 
supply  and  from  Hatchet  Brook  and  its  tribatariea  are  given  in  the 
following  tables. 
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Oiemieai  Examination  of  Water  Jrom  ffatchet  Brook  and  one  oj  its  Tributarita  in 
Southbndge. 

[ParU  p*r  100,000.] 
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SOL'THBBIDGE. 

Chrmieal  Eiaminalion  of  Water  firm.  Bairkft  Pond  in  Woodstock,  Com^j^t   1 
Bouih  of  Vce  Boundary  Utxttn  Mvttachutetls  and  Conntdicut. 
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Water  Scfply  of  South  Hadley  Falls  Fire  Distbict,  South 
Hadlet. 

•Ohentieal  Examination  of  WaUr  from  a  Faucet  in  South  BadUy,  suj^lied  fivM 
Buttery  Brook  Reservoir. 
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Water  Supply  op  Spencer. 
Chemical  Examination  of  Water  from  Shaw  Fond,  Leictsler. 
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SPENCER. 

Microscopical  ExamvuUion  of  Water  from  Shaw  Pond,  Leicester  —  Concluded. 

[Number  of  organUms  p«r  enbie  oeotlmeter.] 
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Water  Supply  of  Springfield. 

During  the  summer  and  autumn  of  1893  the  amount  of  water 
furnished  by  the  Ludlow  Receiving  Basin  and  its  tributary  canaU 
was  insufficient  for  the  supply  of  the  city,  and,  to  make  up  the 
deficiency,  water  was  taken  from  the  old  Ludlow  Reservoir  and 
from  Chapin  Pond,  which  is  situated  near  the  main  pipe  leading  to 
the  city.  It  happened  somewhat  inopportunely  that,  with  a  view  to 
improving  the  character  of  the  water,  the  old  Ludlow  Reservoir 
had  been  drawn  off  during  the  latter  part  of  1892  and  was  empty 
on,  and  for  several  months  after,  the  first  of  January,  1893.  While 
the  reservoir  was  empty,  a  new  waste-gate  was  put  in  at  the  Cherry 
Valley  dam  in  order  to  make  it  possible  to  waste  water  from  the 
bottom  of  this  reservoir  in  the  future,  when  desirable,  and  at  the 
completion  of  this  work  on  May  9,  1893,  the  filling  of  the  reservoir 
was  begun  again ;  but  the  amount  of  water  collected  during  the 
remainder  of  the  year  was  so  small  that  the  water  in  the  reservoir 
did  not  rise  high  enough  to  flow  through  the  pipe  beneath  the  cut-off 
dam  into  the  Ludlow  Receiving  Basin,  and  in  order  to  use  the  water 
which  had  accumulated,  for  the  supply  of  the  city,  it  was  necessary 
to  pump  it  into  the  basin.  Pumping  was  begun  on  Aug.  22,  1893, 
and  continued  until  October  24,  the  total  quantity  pumped  being 
03,000,000  gallons. 

Cha{)in  Pond  is  located  in  a  sandy  plain  in  the  southwesterly 
part  of  Ludlow,  and  is  said  to  have  an  area  of  about  thirty  acres 
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and  a  considerable  depth.  It  has  no  visible  inlet  or  outlet  and  is 
supplied  with  water  which  percolates  into  it  from  the  sandy  territory 
by  which  it  19  surrounded.  The  lowering  of  the  water  in  the  pond 
by  pumping  doubtless  makes  available  a  considerable  quantity  of 
water  stored  in  the  ground  about  it.  Between  Aug.  7  and  Oct.  28, 
1803,  a  total  of  164,000,000  gallons  of  water  were  pumped  from 
this  source.  An  analysis  of  the  water  of  Chnpin  Pond  is  given  with 
the  analyses  of  samplcB  of  water  from  the  other  sources  of  supply 
in  the  tables  below. 


(^htmieal  Examination  of  Wcdtr  from  the  Receiving  Basin  of  Ike  Bprinqfield 
WaUr  Works,  at  Ludlow. 
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Microscopical  Examination  of  Water  Jrom  the  Seceiving  Batin  of  the  Spiia^U 
Water  Works,  at  Ludloui. 
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Chemical  Examination  of  Water  from  Ludlow  Seservoir. 
[Pant  pet  100,000.] 
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SPRINGFIELD. 

Microscopical  Examination  oj  Water  from  Ludlow  Reservoir, 

[N'amber  of  or^niama  per  cable  ceotlmetar.] 
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Hible  showing  Hetghlg  of  Water  in  Ludlow  Rcserooir  at  limes  when  Samples  of 
Water  were  eotleeled  for  AnalyHs  in  1893. 
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STOCKBRrDOi:, 

Microscopical  Examination  of  Water  from  Lake  Averic^  Slockbridge. 

[N'umber  of  organlsma  per  cable  centimeter.] 
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Water  Supply  of  Stoneiiam. 

(See  Wakefield.) 


Water  Supply  of  Stoughtox. 

Description  of  Works.  —  Population  in  1890,  4,852.  The  works 
of  the  Stoughton  Water  Company,  from  which  the  town  was  for- 
merly supplied,  were  purchased  by  the  town  in  June,  1892,  and 
new  works  for  taking  water  from  another  source  were  completed  by 
the  town  in  1893. 

The  new  source  of  supply  is  a  well  located  near  Muddy  Pond 
Brook,  about  a  quarter  of  a  mile  below  Muddy  Pond  and  about  a 
mile  and  a  half  in  a  south-westerly  direction  from  the  centre  of  the 
village  of  Stoughton,  supplemented  by  water  taken  from  the  brook 
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Dear  the  well.  The  watershed  of  the  brook,  above  a  point  opposite 
the  well,  has  an  area,  as  measured  from  the  State  map,  of  1.83 
square  miles.  Of  this  area,  fully  one-third  contributes  to  the  supply 
of  Muddy  Pond.  This  portion  of  the  watershed  is  an  elevated  and 
generally  level  gravelly  tract,  which  contains  a  great  many  depres- 
sions from  which  there  is  no  outlet,  and  the  portion  of  the  rainfall 
which  is  not  evaporated  sinks  into  the  ground  and  reappears  in  and 
around  Muddy  Pond  in  the  form  of  springs.  The  remainder  oif  the 
watershed  drains  through  Leonard  Brook  and  enters  Muddy  Pond 
Brook  a  short  distance  below  the  pond. 

The  pond  is  about  three  hundred  feet  in  diameter  and  is  surrounded 
by  swampy  land,  at  the  edge  of  which  most  of  the  springs  appear. 

The  well  is  six  feet  in  diameter  and  is  said  to  be  thirty-nine  feet 

in  depth.     It  is  lined  with  brick  work,  the  portion  near  the  bottom 

being  laid  without  mortar.     Just  below  the  well  a  puddle  cut-off 

wall  was  constructed  across  the  valley  of  the  brook,  two  hundred 

and  forty  feet  in  length  and  forty  feet  in  depth.    The  excavation  for 

this  wall  is  said  to  have  been  through  six  feet  of  clay,  thirty  to 

thirty-two  feet  of  gravel,  and  two  to  four  feet  of  hard  pan.     On  the 

upper  side  of  the  wall,  just  above  the  hard  pan,  six  lines  of  four-inch 

tile  pipes  were  laid  to  the  collecting  well.     Between  the  well  and 

Muddy  Pond,  at  a  point  five  hundred  to  six  hundred  feet  above 

the  well,  a  dam  was  constructed  to   flow   an   area  of  34.3  acres 

to  an  elevation  about  twelve  feet  above  the  level  of  the  brook  at  the 

collecting  well.     The  pond  and  swampy  land  before  mentioned  were 

included  in  the  area  to  be  flowed.     It  was  thought  that  this  reservoir 

^ould  increase  the  supply  from  the  well,  but  as  it  was  found  upon 

trial  that  it  did  not,  and  the  water  was  of  such  character  that  it  was 

Dot  suitable  for  use  if  taken  directly  from  the  reservoir,  it  was 

abandoned. 

From  the  collecting  well  a  twelve-inch  cast-iron  pipe,  4,263  feet 
in  length,  conveys  the  water  to  a  pump  well  at  the  pumping  station, 
which  is  located  on  the  right  or  easterly  bank  of  the  brook,  just 
above  Central  Street.     The  pipe  is  turned  down  at  both  ends  and 
was  intended  to  act  as  a  siphon  when  the  water  in  the  collecting  well 
was  lower  than  the  pipe.     The  pump  well  is  a  water-tight  wrought 
iron  tank,  six  feet  in  diameter  and  twenty-six  feet  in  depth,  and 
from  it  water  is  pumped  to  the  town  and  to  the  open  iron  tank  for- 
merly used  in  connection  with  the  old  source  of  supply. 
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With  a  view  to  filtering  the  water  taken  from  the  brook,  a  small 
filter,  having  an  area  of  about  one  hundred  square  feet,  was  con- 
structed near  the  collecting  well.  The  filter  contuins  five  feet  in 
depth  of  sand  and  gravel  of  various  degrees  of  fineness,  the  coarser 
material  being  at  the  bottom  of  the  filter  and  the  finer  nt  the  top. 
Water  from  the  brook  can  be  turned  upon  the  filter  to  n  maximum 
depth  of  two  feet. 

After  it  was  found  tbnt  the  collecting  well  would  not  furnish 
enough  water  for  the  town,  application  was  made  to  the  State  Board 
of  Health  for  advice  relative  to  taking  a  new  source  or  devising 
some  method  of  obtaining  a  larger  supply  from  the  present  plant. 
The  reply  of  the  Board  to  this  application  may  be  found  on  page  55 
of  this  volume. 
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Water  SuprLr  of  SwAsirscoTT  akd  Nahant  —  Marblehead 
Water  CoiirAKr. 

The  groat  variation  in  the  quontities  of  chlorine,  total  residue,  and 
hardness  in  this  water,  is  due  to  the  presence  of  a  small  quantity  of 
sea  water,  at  times,  in  the  water  of  some  of  the  wells  from  which 
the  supply  of  this  company  is  drawn. 
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Chemical  Hzaminaliott  of  Water  from  the  Wells  of  the  Marblekead  Water  Cum- 
pany,  SwajnpicoU. 
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Water  Supply  of  Taunton. 

Works  were  nearly  completed  during  the  past  year  for  taking  an 
additional  supply  of  water  for  the  city  of  Taunton  from  Elder's  and 
Assawompsett  ponds  in  Lakeville.  The  design  of  the  new  works 
was  governed  to  a  large  extent  by  a  desire  to  utilize  the  more  valu- 
able features  of  the  existing  works,  consisting  of  a  pumping  station, 
in  which  a  new  pump  had  recently  been  placed,  on  the  bank  of  tho 
Taunton  River,  above  Taunton,  and  a  filter-basin  near  the  river. 
The  direct-pumping  system  is  used  in  suppl3'ing  the  city. 

The  principal  features  of  the  new  works  are  a  thirty-inch  cast- 
iron  pipe  about  seven  miles  long  for  conveying  the  water  by  gravity 
from  Elder's  Pond  to  the  old  pumping  station,  and  a  new  pumping 
station  and  a  twenty-four-inch  cast-iron  force  main  nearly  6,000  feet 
in  length  for  lifting  and  conveying  water  from  Assawompsett  Pond 
into  Elder's  Pond. 

Elder's  Pond  has  an  area  of  145  acres,  a  maximum  depth  of  54.5 
feet,  and  a  practically  unpopulated,  sandy  watershed  of  195  acres, 
exclusive  of  the  pond.  Its  surface  is  about  eighty-six  feet  above 
high  tide  at  Taunton,  seventy-two  feet  above  the  sill  of  the  old 
pumping  station,  and  thirty-five  feet  higher  than  Assawompsett 
Pond. 

Assawompsett  Pond,  with  the  exception  of  the  Watuppa  lakes  the 
largest  body  of  fresh  water  in  the  State,  has  an  area  of  2,691  acres, 
and  is  the  lowest  of  a  chain  of  ponds  comprising  also  Long,  Great 
Quittacas  and  Elder's  Pond.  The  total  area  of  the  four  ponds  is 
5,652  acres.  The  area  of  the  watershed  above  the  outlet  of  Assa- 
wompsett Pond,  exclusive  of  the  water  surfaces  of  the  ponds,  is  39.8 
square  miles. 

The  water  of  Assawompsett  Pond  ranks  next  to  that  of  Elder's 
Pond  in  quality,  and  the  arrangement  of  the  works  by  which  this 
water  would  be  turned  into  Elder's  Pond  before  being  sent  to  the 
city  is  thought  to  insure  its  improvement,  both  by  mingling  with  the 
better  water  in  Elder's  Pond  and  by  the  opportunity  afibrded  it  for 
bleaching  while  stored  in  this  pond.  A  suggestion  with  regard  to 
the  further  improvement  of  the  water  of  Assawompsett  Pond  by 
filtering  it  through  the  natural  ground  before  it  entered  Elder's 
Pond  is  contained  in  the  advice  of  the  Board  to  the  city  of  TauntoQ 
relative  to  these  sources  of  additional  supply,  which  may  be  found 
in  the  annual  report  of  the  State  Board  of  Health  for  1891  (page  32). 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES.  295 

TAT7NTOM. 

Provision  has  been  made  at  the  pumping  station  for  conveying 
the  water  of  Elder's  Pond  directly  to  the  pumps,  to  the  filter-basin 
or  to  the  old  tnenty-incb  force  mnin  leading  to  the  city.  By  means 
of  the  connection  last  mentioned  water  could  be  supplied  under  a 
light  pressure  to  portions  of  the  city  by  gravity  in  the  event  of  any 
accident  to  the  pumps.  A  twenty>inch  blow-ofi"  discharging  into 
the  Taunton  River  has  also  been  provided. 

When  the  new  works  are  put  in  operation  the  use  of  the  Taunton 
Kiver  as  a  source  of  supply  will  be  discontinued,  although  water 
may  stilt  be  drawn  from  the  filter>basin.  It  is  proposed,  however, 
to  retain  the  pipe  connecting  with  the  river  for  use  in  cases  of 
emergency. 

Chtmieal  Examination  of  Water  from  Hit  Filler-Basin  of  the  Taunlon  Water 
Works. 
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Microscopical  Examination  of  Water  from  the  Filler-Baain  of  the  Taunton  Water 
Worki. 

[!f  Dmbar  or  organlimi  par  cabio  ccDtlmetar.] 
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TAUNTON. 

Ckemical  Examination  of  Water  from  the  Taunton  River  at  Taunltm — Concluded. 
Averages  of  Analyses  of  Previous  Tears, 
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Microscopical  Examination  of  Water  from  the  Taunton  Biuer  at  Taunton. 
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TAtTNTON. 

Chemical  Examiaation  of  Water  Jrom  Elder's  Pond,  LaJceville. 

(Part*  par  100,000.] 
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Microscopical  Examination. 
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Water  Scpplt  op  UxsaiDnE. 
The  advice  of  the  Stnte  Board  of  Health  to  the  tnwD  of  Uxbridg« 
with  reference  to  an  additional  water  supply  which  it  wns  proposed 
to  take  from  either  Seagrave  or  Cold  Spring  Brook  ia  Uxbridge  or 
from  Mendon  Pond  in  Mendon,  together  with  the  opinioD  of  the 
Board  aa  to  the  relative  DieHts  of  these  sources,  can  be  foaod  on 
page  57  of  thia  volume.  Further  reference  to  MeodoD  Fbnd  u  ■ 
source  of  water  supply  for  Mendon  aad  Uxbridge  can  be  foiuid  od 
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UXBRIDGE. 

pnge  39  of  this  volume,  and  od  page  46  of  the  annaal  report  of  tbe 
Board  for  1892. 

Analyses  of  samples  of  water  from  these  sources  are  given  in  the 
following  tables. 


Chemicca  Examination  of  Water  from  Cold  Spring  and  Seagrave  Brooks,  Uxbridge. 
[p«rt.  pit  100.000.] 
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Chemical  ExamitiOiion  of  Wafer  from  Mendon  Pond,  Mendon. 
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rxBBnwE. 

Jfieroseopieal  Examinaiion  of  Water  from  Mendon  Fond,  Sttndon. 

[Kumbirof  ortanluuparcDbld  ii«dii»tar.] 
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Chemical  Exumittalion  of  Water  from  Meadow  Brook,  Mendon. 

(PuU  par  100,000.1 
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Examination  of  Water  from  Mumford  Biver,  at  Vxbridge. 
[Pun*  ptr  100,000.] 
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Watee  Supply  op  Wakefield  and  Stoneham — Wakefield 

Watek  Compaxy. 
The  advice  of  the  State  Board  of  Health  to  the  Wakefield  Water 
Compaay,  with  reference  to  obtaining  an  ndditionnl  water  supply 
from  the  valley  of  Sau<;us  River  and  its  tributaries,  nithin  the 
limits  of  the  town  of  Wakefield,  may  be  found  on  page  58  of  this 
volume. 
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WAKEFIELD  AND  STONEnAM. 

The  advice  of  the  Board  to  the  city  of  Lynn  with  reference  to 
taking  aa  additional  supply  of  water  from  the  valley  of  the  SaugU3 
River  and  its  tributaries,  may  be  found  on  page  25. 


Chemical  Exnminalion  of  Water  from  Crystal  Lake,  Waixjielil. 

[Parts  per  IM.OOD.] 
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WAKEFIELD  AXD  STOXEHAM. 

Microscopical  Examination  of  Water  from  Crystal  Lake^  Wakefield. 

[N'amber  of  organismi  per  cable  centimeter.] 
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Walpole. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Walpole 
with  reference  to  taking  a  water  supply  from  the  ground  near  the 
Neponset  River,  or  tributaries  thereof,  within  the  limits  of  the  town, 
may  be  found  on  page  60  of  this  volume.  Analyses  of  samples  of 
water  collected  from  tubular  test  wells  near  the  Neponset  River  are 
gi?en  io  the  following  table. 


804 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


■WALPOLE. 

Chemical  Examination  of  Water  from  Tubular  Tiat  WelU  near  Ihe  Keponaet 

River,  in  Walpole, 
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notlharlj  from  Low  Brook. 

Microscopical  Examination. 

No.  lOliO.    I7a  organ  lemi. 

No.  lOXTl.    Olaloinaow,  Sgittdra,  1. 


Water  Supply  op  Waltham. 

Much  trouble  has  heon  caused  in  recent  years  by  the  rapid  growth 
of  certain  low  forms  of  vegetation  in  the  filter-hasiD  and  well  of  the 
Waltham  water  works,  and  with  a  view  to  preventing  this  growth 
the  filter-basin  and  well  were  covered  in  the  autumn  of  1893.  The 
work  was  completed  before  the  November  and  December  samples 
were  collected,  and  the  improvement  in  the  quality  of  the  water  may 
be  seen  by  examining  the  tiibles  of  analyses  which  follow.  Reference 
is  also  made  to  the  character  of  the  well  water  in  a  reply  of  the 
State  Board  of  Health  to  the  Water  Commissioners  of  Waltham, 
which  can  be  found  on  page  61  of  this  volume.  The  distributing 
reservoir  has  not  been  covered,  so  that  the  quality  of  the  portion 
of  the  water  supply  of-  the  city  which  passes  through  it  is  affected 
as  in  the  past  by  the  abundant  growths  of  microscopic  organisms. 

The  filter-hasin  before  being  covered  had  the  shape  of  a  rectangle 
with  one  corner  cut  off,  and  an  area  of  about  ten  tboasaod  square  feet. 
The  well,  which  is  located  in  the  centre  of  the  6tter-bssin,  is  forty 
feet  in  diameter  and  is  covered  with  a  dome  made  of  flat  tiles  laid  in 
Portland  cement.  The  portion  of  the  filter-basin  outside  of  the  well 
is  covered  with  a  series  of  brick  arches.  The  shape  and  sue  of  Uw 
Slter'iMsm  were  not  materially  changed. 
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Chemical  Examination  of  Water  Jrom  the  Well  and  FOUr-Basin  of  the  WaUham 
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JUi-roscopical  Examination  of  Water  from  IKt  WeO  a 
Wallham  WaUr  Workt. 
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Chemical  Examination  of  Water  from  the  Distributing 
Water  Workt. 
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WALTHAM. 

Microscopical  Examination  of  Water  from  the  Distributing  Reservoir  of  the 

WaUlham  Water  Works. 

[NDinl>er  of  organltms  per  eabio  oentlmeter.] 
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Water  Supply  of  Ware. 

The  works  for  collecting  water  for  this  town  were  enlarged  in  the 
latter  part  of  181)3  by  sinking  twelve  tubular  wells  in  the  valley  of 
Muddy  Brook,  about  500  feet  north  of  the  large  well,  which  was 
previously  the  only  source  of  supply  for  the  town ;  and  by  con- 
structing a  well  nine  feet  in  diameter  and  six  feet  in  depth  at  the 
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WALTHAM, 

Microscopical  Examination  of  Water  from  the  Distributing  Reservoir  of  the 

WaUham  Water  FbrJte  ~  Concluded. 

[Knmber  of  organiBmt  per  cubic  centimeter.] 
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Bite  of  a  large  spring  located  near  the  tubular  wells.  The  tubular 
wells  are  located  within  an  area  approximately  150  feet  in  length 
and  somewhat  less  than  100  feet  in  width.  The  depth  of  the  wells 
Tiries  from  twenty-eight  to  thirty-nine  feet  and  averages  thirty-four 
feet.  Water  from  the  wells  and  spring  flows  by  gravity  through  a 
twelve-iDch  pipe  to  the  main  well. 
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watbbtown  and  belmont. 

Water  Supply  of  Watertown  and  Belmont  —  Watertown 

Water  Supply  Company. 

The  Watertown  Water  Supply  Company  made  extended  investi- 
gations in  1893  with  reference  to  obtaining  an  additional  supply  of 
water  from  the  ground  in'  the  vicinity  of  its  pumping  station  and 
examined  other  sources.  The  company  also  made  an  application  to 
the  State  Board  of  Ilealth  for  its  advice  relative  to  the  improvement 
of  its  supply,  and  many  of  the  analyses  given  in  the  following  tables 
were  made  during  the  investigations  of  the  Board,  but  at  the  end 
of  the  year  the  matter  was  still  under  consideration. 

The  investigations  showed  that  the  water  collected  by  the  original 
filter-gallery  and  by  a  system  of  tubular  wells  northwesterly  from 
the  pumping  station  was  nearly  the  same  in  character  as  during  the 
earlier  years  of  the  operation  of  the  works,  but  water  collected  from 
the  ground  in  an  easterly  direction  from  the  pumping  station  has  to 
a  greater  or  less  degree  the  usual  characteristics  of  a  water  contain- 
ing iron.  The  most  successful  results  were  obtained  from  some  six- 
inch  wells  located  about  950  feet  southeast  of  the  pumping  station, 
and  about  forty  feet  from  the  river.  A  temporary  pump  was  con- 
nected with  these  wells  in  the  summer  of  1893,  and  during  the 
summer  and  autumn  a  material  addition  to  the  water  supply  was 
obtained  from  this  source.  The  last  three  an  ilyses  in  the  table  on 
page  314  are  of  samples  of  water  from  these  we\U.  It  is  probable 
that  most  of  the  water  which  they  supplied  came  by  filtration  from 
the  river,  and  although  it  contained  iron  and  manganese  and  did  not 
show  the  high  degree  of  chemical  purification  which  water  attains 
when  it  filters  a  sufficient  distance  through  the  ground  under  favor- 
able circumstances,  it  was  rendered  very  nearly  pure,  bacterially, 
by  the  filtration. 

The  table  on  page  315  contains  the  analyses  of  water  from  two 
deep  tubular  wells,  one  located  near  the  pumping  station,  and  the 
other  in  the  centre  of  the  main  village  of  Watertown.  Neither  of 
these  deep  wells  furnished  any  large  quantity  of  water  nor  was  the 
quality  of  the  water  satisfactory,  and  no  part  of  the  water  supply 
of  the  town  is  now  taken  from  them. 
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WATERTOWN  AND  BELMONT. 

Chemical  Examination  of  Water  from  a  Faucet  in  ihe  Pumping  Station  of  the 
WaUrUnim  Water  Supply  Company. 

[PirU  par  lOO.aoo.] 
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■WATEETOWN  AND  BBLUONT. 

Microscopical  Examination  of  Water  from  a  Faucet  in  the  Pumping  SUUion  of  the 


Waterttrwn  Water  Supply  Company. 

[HDmlwc  of  Drimnlim  par  caUo  » 
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Gutrmeal  Examination  of  Water  from  a  Faucet  in  Walerlown,  supplied  fro, 
the  Works  of  the  Walerlown  Water  Suppli/  Company. 
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iticroicopieal  Examittation  of  Water  from  a  Faucet  in  Waieriown,  tupplied  from 
(he  Work!  of  the  Waterloutn  Water  aupply  Company. 

[NnmbH  ol  oi 
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Pumping  SUUion  of  the  Watertown  Water  Buppltf  Company. 

[Put*  p<r  100,000.} 


Arr>.>A>c.. 

i 

A«o.u. 

1 

lilTM>a» 

1 

1 

1 

i 

1 

2 

1 

1 

^1 

1 

1 

1 

lOOlB 
lOWT 

Jun.  II 

Blight, 
milky. 

■JBi, 

vl'J'lUhl. 

Kong. 

•"!'.;„. 

Siichi. 

Hnhy 

»%: 

None. 

0.2i 

o.zt 

e.so 

B.30 

.WO* 

.OlM 

.oaa 

.0011 

;Z 

.oou 

:g 

.M 
.it 

.ouo 

:Z 

.0000 

.0000 

.0000 

■owj 

.30(1 

!si«i 

s.«  .oiot 
4.1  .on* 

»;» "on* 

«  Tbli  nmpta  nnUldMl  ilM  O.ITOO  put 


am  the  purDp<Dg  >UilaD  lad  iibout  KT*nt]r-Sn  tMit  fran  Charin  Rim 
lubulit  nF)U,  lacmiti  lAtoai  nln*  hoDdrad  ud  Bftr  iMt  wvtbtMt  of  th 
ny  fail  from  the  nitt.  Water  wu  poapad  fran  Iban  riiJotk  wdh  IM 
ir  ud  nulniBIi  or  18M. 


No.  34.]    EXAMINATION  OF  WATER  SUPPLIES.  315 

WATBRTOWN  AND  BELMONT. 

Microscopical  Examination, 

No.  10418.  Diatomacea,  MeloHra,  8;  Tabellaria,  2.  Fungi,  Ortnothriz,  84.  Mltcellaoeoot, 
2o6glaa,%i.    Totml,«8. 

No.  10907.    Faogt,  Crenoihrix,  10.    Mlscollaoeons,  ZodgUaa,  2.    Total,  12. 
No  orgaolsma  were  fonnd  in  the  remilDlDg  Mmplee. 

Bacterial  Examination, 

Three  samples  of  water  eolleeted  oo  Jane  30  from  the  two-lnoh  flowing  well  from  whleh  Nos.  10418 
and  10&50  were  eolleeted,  contained  an  average  of  five  bacteria  per  enbie  centimeter,  the  highest  nnm. 
ber  foand  being  seren  and  the  lowest  two. 

Three  samples  of  water  collected  on  Jnly  17  from  the  slz>lnch  tubular  wells  contained  an  arerage 
of  four  bacteria  per  cubic  centimeter. 

These  wells  were  examined  again  on  October  23,  two  samples  being  collected,  each  of  which  con- 
tained four  bacteria  per  cubic  centimeter. 

Chemical  Examination  of  Water  from  Deep  Tubular  Wells  in  Watertown, 

[Parts  per  100,000.] 
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*  All  determinations  of  this  sample  were  made  on  the  filtered  water. 

Odor  of  the  first  sample,  faintly  earthy;  of  the  last,  none. The  first  sample  was  collected  from 

•  tabular  well  eight  Inches  In  dismeter  and  about  260  feet  in  deptb,  located  about  fifty  feet  south  of  the 
pmspiog  station  of  the  Watertown  Water  Supply  Company;  the  last,  from  a  deep  tubular  well  located 
Msr  the  centre  of  the  main  village  of  Watertown  and  near  the  railroad  sutlon.  It  is  said  that  160,000 
ItUoos  of  water  were  pumped  from  the  latter  well  in  the  twenty-six  hours  previous  to  the  collection 
•f  thtiample. 

Microscopical  Examination, 

No  organisms. 


Water  Supply  op  Webster. 

Description  of  Works. — Population  in  1890,  7,031.     The  works 

tre  owned  by  the  town  and  water  was  introduced  Jan.  1,  1894. 

The  town  had  been  supplied  for  many  years  previous  to  this  time 

from  works  owned  by  H.  L.  Slater,  the  source  of  supply  being 

Lake  Chanbunagungamaug.     The  new  source  of  supply  is  a  well 

twenty-five  feet  in  diameter  and  thirty  feet  in  depth,  located  on  the 

BQiih westerly  side  of  the  lake,  about  200  feet  from  the  shore.     The 

wall  of  the  well  is  made  of  stone,  laid  without  mortar,  for  a  height 

9t  three  feet  aboye  the  bottom,  and  above  this  level  also  of  stone. 
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WEBSTER. 

but  with  nn  interior  lining  of  brick  masonry  twelve  inches  in  thick- 
ness. The  groand  about  the  well  is  two  or  three  feet  higher  than 
the  water  in  the  take.  The  well  is  covered  by  a  conical  roof  to 
exclude  the  light.  Water  is  pumped  from  the  well  to  the  town  and 
to  an  open  iron  tank  thirty  feet  in  diameter  and  100  feet  in  height. 
Dintributing  mains  are  of  cast-iron ;  service  pipes  are  of  wrought 
iron  lined  with  cement. 

The  advice  of  the  Stat*  Board  of  Health  to  the  town  of  Webster 
with  regard  to  taking  a  water  supply  from  this  source  may  be  found 
on  page  62  of  this  volume. 
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WBSTBOBOUOH. 

Water  Supply  of  WESTBOROubn. 
The  ndvice  of  the  Stute  Board  of  Health  to  the  town  of  West- 
borough,  with  reference  to  increasing  the  supply  of  filtered  water 
from  the  Lower  Sandra  Basin  by  facilitating  the  filtration  of  water 
from  the  Upper  Basin  into  it  through  the  intervening  ground  may 
be  found  on  page  63  of  this  volume. 

Water  Sopplt  of  Westborough  Insane  Hospital,  West- 

BOROtrOH. 

Chemical  Examinalion  of  Water  from  the  Tubular  WeUa  at  the  Wealborough 

/fuane  Hospital. 

[P*rU  par  lOD.OOO.l 
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westfikld. 

Watbe  Supplt  of  Webtfield. 

Chemical  Examination  of  Water  from  the  Storage  Reservoir  oj  (Ac  Wtttfield  Water 
Work*,  on  Moote  Meadow  Brook,  Montgomery. 

[Paru  perlOO.OW.] 
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Chemical  Examinalion  of  Water  from  the  Diglribuling  Reterooir  of  the  WetfieU 
W<Uer  Works,  on  Moose  Meadow  Brook,  Montgomery. 


[Par 

ap»rlO0/)O0.} 

1 

AFFaiixHca. 

^^ 

,.^. 

1 

»™.. 

1 

1 

f 

1 

i 

1 

SI 

r 

t 

1 

1 

1 

1 

1 

ii 

1 

luai 

isas. 

Allg.31 

S11«hL 

Sllital. 
BUgtlt. 
V.allglil- 

o.w 

3.10 

I.M 

.0000 
.000* 

.0180 
.0114 
.0141 

.OlM 

.00„ 

.-11 

.as 
.le 

J  0001 

^ooooZ 

.Oto'.OOoo 

Jo.. 

.J... 

, 

-n 

a.^ 

,...j 

I,  dMiaaiir  TMf*"  1^   i 

Um  tomr  sr  dMtlMk*   fl 
nMnrali,  adUtiMaali  | 


Iron,  -OOBS.    Odor  of  tfaa  Brat  Hmpla,  dlatlaiUr  moald;;  Ol  \ 

awaellib;  of  Iba  l**t,  fslnlly  vagatabi*. The  aam pica  wan  wilt 

rsHrvoIr  io  Uantgemat;.    Witar  flom  ttom  tbc  alanga  lo  Um  dlnribDIlag 


froB  the  atonga  n 


«  tlua  dniMtlaUaM 


>n  lo  Uut  of  Iba  atonga  n 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 


dl9 


WESTFTEIiD. 

Microscopical  Examination  of  Water  from  the  Distributing  Reservoir  of  the 

Wesifield  Water  Works, 

[Number  of  organlima  per  enbio  centimeter.] 
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WESTFTELD. 

Chemical  Exdminalion  of  Water  from  a  Faucet  in  Weatfield,  tupplUd  from  the 
Wettfield  Water  Workt. 


[P.rt»  p«r  100,000.] 
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west  spkimgfiet^d. 

Watbe  Supplt  op  West  Spbinqfield. 
The  town  of  West  Springfield  extended  ita  works  in  1 893  with  a 
view  to  supplying  water  to  the  village  of  Mittineague,  which  Ja  sit- 
nated  nt  too  great  an  elevation  to  be  supplied  with  water  from  the 
existing  works.  The  new  source  of  supply  is  a  well  twenty-five 
feet  in  diameter  and  fourteen  feet  deep,  located  at  the  Craig  Spring, 
a  short  distance  below  the  storage  reservoir.  The  well  is  supplied 
in  part  by  the  numerous  springs  in  its  vicinity,  the  water  of  which 
is  collected  by  means  of  small  pipes  into  a  main  pipe  which  carries 
it  to  a  settling  well  and  thence  to  the  main  well.  Water  is  pumped 
from  this  well  by  means  of  a  windmill  to  a  tank  at  Mittineague. 
The  advice  of  the  State  Board  of  Health  to  the  town  of  West 
Springfield  relative  to  an  additional  water  supply  for  the  town  may 
be  found  on  page  t>5. 

Chemical  Examination  of  Waler  from  Various  Snunxi,  collected  during  an 
Investigalion  for  an  Additional  Water  Supply  for  West  Springfield. 
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■WEST  SPBINOFIKLD. 

ilicroseopical  Examinati 
Inveitigation  for  m 


n  of  Water  from  Variotu  Sourea  eolUeUd  daring  an 
Additionat  WaUr  Supptif  for  Wat  Springfidd. 
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Water  Supply  op  Wbtmodth. 

Chtmicat  Examination  of  Writer  from  Fauoelt  in  Weymouth,  tupplied  from  the 
Weymouth  WaUr  Workt. 

[Psrta  par  V»,MO.] 
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WBTMOUTH. 

Chemieal  Eaaminatton  of  Water  fivm  Faueett  in  WeiftnoutA,  etc.— Conclnded. 

Averages  ofAnalyset  of  Previous  Tears. 

[Put!  txr  loo/no.] 
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Wateb  Supply  op  Whitman. 

Tbe  advice  of  the  State  Board  of  Health  to  the  town  of  Whitman, 
with  reference  to  taking  an  additional  supply  of  water  for  that  town 
from  poods  in  Pembroke,  Hanson  and  neighboring  towns,  may  be 
found  OD  page  67  of  this  volume. 

For  analyses  of  samples  of  water  from  the  various  ponds  men- 
tioned in  the  reply  of  the  Board,  see  Abin^ton,  Hanson  and  Pem- 
broke. Analyses  of  samples  of  watnr  from  the  present  sources  of 
Bupply  are  given  below. 

Chemical  Examinalion  of  Water  from  the  FiUer-OalUry  of  the  Whitman 
Water  Worke. 


[Part.  p. 

rlOO.000.] 

^5 

1 

Arru>uio>. 

if 

A..«u. 

j 

N,TJOO.S 

§ 

1 

1 

1 

i 

1 

1 

i 

1 

1 

1 

SS! 

V  alight. 
DiallDcl. 
DliUnei. 

milky. 

SHSht. 

!:S 

!:S 

■5 

.wws 

.ao 

loiHW 
.{MSI 

.0000 

'.ms 

li 

.02W 
!oJ30 

0017      OSOO 

1,1 «» 

' 

324  STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 

frHITUAH. 

Chemical  Examinalion  of  Water  from  the  F&ler-QaHery  of  the  Whiiman  Water 
Worka—  Coacluded. 
Averages  of  Analyaet  of  Previout  Feara. 

[PkiU  per  100.000.] 
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Siieroscopical  Examinalion  of  Water  from  the  Filter- Qallert/  of  Ike  Whitman 
Water  Works. 

[Somber  of  orisniuni  p*t  cnbU  cguilaiMcr.) 
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WHITMAN. 

Chemictd  Examination  of  Water  Jnm  SdbarCs  Pond,  Wiitman. 

[PirU  par  100.000.] 


1 

AP....U..C.. 

-SJ- 

XmCDKIA. 

-At 

A. 

1 
1 

1 

1 

1 

1 

1 

1 

i 

1 

1 

1 

l!|t 

i 

Jis'i 

Blight. 

Blight. 

D.U 

i.ii 

.J..,J....I„ 

I 

i.i 

W6M  June 27 

DliUncI, 

tJllghl. 

1. 10 

B.8* 

I.M 

■~|-»«r"™,-»" 

-« 

.ooooj.oooo 

l.B 

uom!  srpLm 

s.i... 

Slight. 

D.W 

B.at 

£.«0 

.»«.™.,.m.'.ra 

-gft 

.(WOD'.OOOO 

1 

i.a 

A.. 

•■•' 

..« 

■  na™'  M-!   (UBt 

.80 

™n™i«.™> 

.OUR 

, 

^ 



Avcraget  ofAnalgKg  of  F 

revious  Years 

-  1    IMT'  ''         - 

-  1    IIU    '' 

.  1    ISM              - 

-  1.    IWJ    |l 

-  'l   IWl    i. 

-  IMJ    1' 

- 

s-sbIi  S.ll 

.oeoa    - 

.OOM 

.Tl 

E 

.oua 

.0000 

DDOa 

oooo 

.«M 

1.0 

I.a 

•  JuDi,  July,  October  ind  Decan) 


Microscopical  Examination  of  Water  from  EobarCa  Pond,  WkUm 

[Number  «f  aT^n\imt  per  cable  ceDllracIer.J 
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Microtcopical  Examination  of  Water  from  Hobarft  Pond —  Conclnded. 

[(Tnnibtr  at  onuliou  p«r  onUa  MuUmalar.] 
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Watee  Scpplt  of  Wincmebtbh. 

Chemical  Examination  of  Water  Jrom  the  North  Betervoir  of  the  Wincketitr 
Water  Worka. 

[Part*  p«i  100,1)00.] 
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WINCHBST&B. 

Qhemieal  Examination  of  WcUtr  from  tht  North  Bttervoir  of  the  Windtaler 

Water  Workt—CoaciudeA. 

Average!  of  Analyiei  of  Previous  Tears. 

[PuU  per  lOa/lOD.) 
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Microscopical  Examination  of  Water  from  the  North  Bestrvoir  of  the  Winchester 
Water  Works. 

[Nombtr  of  orguUmi  ptr  cublo  MDllnwter.] 
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WINCHESTER. 

lUicroacopical  Examirtalion  of  Water  from  the  North  Betervoir  of  the  WineKuttr 
Witter  ITorjt*  — Concladed. 

[KamberorDrgmnliini  pari 
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(^temicai  Ezamination  of  Water  from  the  South  Betervoir  of  the  Wiiichtatcr 
Water  Works. 

[fteta  par  100,000.] 
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WrNCITESTEB. 

Microscopical  Examination  of  Water  from  the  South  Reservoir  of  the  WincJicster 

Water  Works, 

[Number  of  organJsmi  per  cublo  centimeter.] 
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WOBUKX. 


Water  Supply  of  Woburn. 


Chemical  Examination  of  Water  from  the  FiUer-Oallery  oj  the  Wobt*rn  Water 

Works, 

[Parti  per  100,000.] 
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woucesteb. 
Water  Supply  op  Worcestbb. 
During  the  past  year  the  raisiog  of  the  dam  of  the  Holdeo 
storage  reservoir  has  been  completed  aod  tbe  capacity  of  the  reser- 
voir increased  by  nearly  300,000,000  gallons.  The  work  consisted 
of  strengthening  the  dam  on  the  lower  side  by  widening  its  bnse  and 
iDcreasing  its  height  to  a  level  of  ten  feet  above  the  old  dam,  allow- 
JDg  the  latter  to  form  a  berme  'lu  the  completed  stmcture.  Tbe  area 
of  tbe  reservoir  is  now  149.5  acres,  and  its  capacity  742,000,000 
gallons.  Its  greatest  depth  is  30.1  feet  and  its  average  depth  about 
1.^.2  feet.  The  area  newly  flowed  has  been  prep&red  by  removing 
the  trees  and  hushes  and  much  other  objectionable  material,  and  by 
eovering  tbe  swampy  places  with  gravel. 

Leicesteb  Scpplt — Chemical  Examination  ofWaUrfrom  the  Lynde  Brook 
Storage  Reservoir. 
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EXAMINATION  OF  RIVERS. 


During  the  year  1893  regular  mouthly  examinations  were  made 
of  the  waters  of  the  Blackstone,  Merrimack,  Nashua  (below  Fitch- 
burg),  Neponset,  Housatonic  and  Taunton  rivers,  and  during  the 
latter  portion  of  the  year,  in  connection  with  the  investigations 
for  a  metropolitan  water  supply,  of  the  Charles  at  South  Natick, 
Deerfield,  Nashua  (above  Clinton),  and  its  tributaries,  the  Quine- 
poxet  and  Stillwater,  Shawsheen  and  Ware  rivers.  A  special 
examination  has  also  been  made  of  the  tidal  portion  of  the  Charles 
River,  which  is  a  repetition  of  the  examination  of  this  stream  made 
in  1893,  and  occasional  examinations  of  other  rivers  in  the  State. 
Most  of  the  results  of  these  examinations  will  be  found  arranged 
alphabetically  by  rivers  in  the  pages  which  follow ;  but  some  of 
them  are  given  on  preceding  pages  in  connection  with  the  examina- 
tions of  Water  supplies,  under  the  names  of  the  towns  where  the 
samples  were  collected,  as  follows  :  — 

Paob 

Town  River  (a  tributary  of  the  Taunton)  at  Bridgewater,        .        .  125 

Neponset  River  at  Hyde  Park, 177 

Merrimack  River  at  Lawrence, 181 

Merrimack  River  at  Lowell, 193 

Taunton  River  at  Taunton, 296 

Blackstone  River. 

The  character  of  the  water  of  the  Blackstone  River  is  closely 
related  to  the  disposal  of  the  sewage  of  the  city  of  Worcester,  and 
it  is  therefore  of  interest  to  note  that  during  1893  the  capacity  of 
the  precipitation  works  for  treating  the  sewage  of  this  city  has  been 
greatly  increased  by  the  construction  of  new  precipitation  tanks  and 
other  additions  to  the  works,  which  were  used  for  the  first  time  on 
July  15.  A  full  description  of  the  works  as  originally  constructed, 
and  the  results  of  a  special  examination  of  the  works  and  the  river 
during  one  week  in  1891,  can  be  found  in  the  annual  report  of  the 
State  Board  of  Health  for  that  year  (pages  267-295). 
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BLACKSTONE  RIVER. 

Six  precipitation  tanks  were  constructed  at  first,  and  ten  new 
tanks  of  the  same  area  as  the  old  ones  were  added  in  1893.  The 
new  tanks,  however,  are  longer  and  narrower  than  the  others,  their 
dimensions  being  166.67  feet  long,  40  feet  wide  and  5  feet  deep 
below  the  bottom  of  the  inlet  and  outlet  channels.  When  in  opera- 
tion the  tanks  are  filled  to  a  depth  of  about  six  and  a  half  feet,  and 
with  this  depth  they  contain  about  5,000,000  gallons  of  sewage. 

For  the  information  of  those  who  are  not  familiar  with  the  pre- 
vious history  of  these  works  it  may  be  stated  that  the  sewage  of 
Worcester  is  not  taken  directly  from  the  sewers  to  the  precipitation 
works,  but  is  first  discharged  into  Mill  Brook ;  and  it  is  the  mingled 
sewage  and  brook  water  which  is  conveyed  to  the  precipitation 
works  and  treated.  Before  the  recent  enlargement  of  the  works 
only  a  small  part  of  the  flow  of  this  brook  could  be  treated,  and  the 
remainder  of  the  sewage  went  directly  into  the  Blackstone  River ; 
but  the  new  works,  which  are  said  to  have  a  nominal  capacity  of 
15,000,000  gallons  per  day,  and  to  be  capable  of  treating  with  very 
good  results  a  somewhat  larger  quantity,  are  thought  to  be  of  suffi- 
cient capacity  to  take  the  whole  flow  of  the  brook  under  all  ordinary 
conditions. 

The  Worcester  sewage  is  unusual  in  its  character,  both  on  account 
of  its  dilution  by  the  brook  water  and  because  of  the  large  amount 
of  iron  salts  (mainly  sulphate  of  iron)  which  it  receives  from  time 
to  time  every  working  day  from  the  large  iron  and  wire  works  in 
the  city.  Lime  has  been  the  only  precipitant  added  to  the  sewage 
in  1893,  and  when  iron  is  present  in  the  sewage  a  satisfactory  pre- 
cipitation results.  The  sewage,  however,  contains  iron  only  a  part 
of  the  time,  and  it  is  therefore  the  custom  to  store  the  sewage  con- 
taining iron  in  two  of  the  old  precipitation  tanks  so  that  it  can  be 
used  to  mingle  with  the  sewage  subsequently  arriving  and  containing 
no  iron,  and  in  this  way  form  a  satisfactory  precipitate  at  all  times. 

Owing  to  the  increase  in  the  quantity  of  sewage  treated  it  has 
been  necessary  to  increase  the  capacity  of  the  tanks  in  which  the 
chemicals  are  mixed,  and  the  old  mixers  have  therefore  been  re- 
placed by  two  new  iron-lined  mixers,  each  sixteen  feet  long,  eight 
feet  wide  and  three  and  a  half  feet  deep.  Lime  is  turned  into  the 
mixers  from  the  floor  above,  and  the  mixture  with  water  is  accom- 
plished by  means  of  compressed  air  discharged  through  perforated 
pipes  in  the  bottoms  of  the  mixers.     The  lime  mixture  is  oonveyed 
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through  six-inch  iron  pipes  to  the  sewer  at  a  point  ninety  feet  above 
the  screens,  instead  of  being  discharged  as  formerly  below  the 
screens.  This  change  was  made  in  order  to  insure  a  more  thorough 
mixing  of  the  lime  with  the  sewage  previous  to  subsidence.  The 
amount  of  lime  necessary  to  make  the  sewage  alkaline  is  determined 
by  frequent  tests  with  phenolphthalein. 

The  continuous  process  of  precipitation  is  used,  the  sewage  flow- 
ing through  the  difi'erent  tanks  in  order,  and  the  effluent  being 
discharged  continuously  from  the  last  one.  The  fall  of  the  effluent  is 
utilized,  by  means  of  a  turbine  wheel,  to  furnish  power  at  night  for 
lighting  the  works  by  electricity,  and  in  the  day  time  for  pumping 
the  sludge  by  means  of  a  Shone  ejector  to  sludge  beds  located  near 
the  Blackstone  River.  These  beds  at  the  present  time  cover  an  area 
of  about  fourteen  acres.  During  1893  nearly  all  of  the  sludge  was 
disposed  of  to  farmers  for  use  as  a  fertilizer. 

During  the  year  ending  Nov.  30,  1893,  1,795,000,000  gallons  of 
sewage  were  treated  and  1,105  tons  of  lime  were  used,  making  the 
amount  of  lime  1,232  pounds  per  million  gallons  of  sewage.  The 
amount  of  solid  matter  removed  from  the  water  during  the  year 
amounted  to  2,360  tons. 

The  Worcester  precipitation  works  have  always  been  very  intelli- 
gently operated  under  the  direction  of  skilled  chemists  and  engineers, 
and  the  following  quotations  from  the  annual  report  of  the  superin- 
tendent of  sewers  for  the  year  ending  Nov.  30,  1893,  will  be  of 
interest  as  indicating  the  manner  in  which  the  work  is  carried  on 
and  the  results  obtained  in  the  treatment  of  sewage  since  the  works 
have  been  enlarged. 

"From  the  first  day  the  plant  was  operated,  June  25,  1890,  continued 
experiments  have  been  made ;  at  first,  these  were  wholly  mechanical  and 
at  random,  but  it  was  soon  found  that  a  systematic  study  of  the  whole 
problem  must  be  made  if  the  work  was  to  be  successful.  Accordingly  a 
well-equipped  chemical  laboratory  has  been  provided  and  the  problems  met 
in  actual  manipulation  are  made  subjects  for  special  investigation.  That 
this  move  has  been  productive  of  good  is  shown  by  the  reduction  of  from 
thirty  to  fifty  per  cent,  in  the  cost  of  chemicals  used  per  million  gallons  of 
sewage  treated. 

Analyses  of  sewage  and  effluent  are  made  daily.  The  samples  for  analy- 
sis are  each  composed  of  twenty-four  portions  taken  hourly.  Thus,  by 
averaging  results  for  several  days,  an  effluent  is  obtained  corresponding  to 
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the  sewage,  and  the  per  cent,  of  impurity  removed  is  easily  calculated. 
This  per  cent,  removed  is  the  indicator  which  shows  the  efficiency  of  the 
treatment. 

Records  of  all  analyses  are  kept  in  two  forms ;  one  simply  the  numerical 
tabulation,  the  other,  a  graphical  illustration  showing  at  a  glance  the  con- 
stitution of  the  sewage  and  effluent,  as  well  as  the  per  cent,  removed. 

It  will  be  noticed  from  accompanying  table  A,  that  the  sewage  dealt 
with  is  remarkably  strong,  considering  that  about  half  of  it  is  water  coming 
directly  from  North  Pond.  It  is  also  interesting  to  note  that  the  effluent 
contains  only  two  and  one-half  parts  per  100,000  of  matter  in  suspen- 
sion, and  that,  of  this,  only  one  and  one-tenth  parts  are  organic  matter. 
Thus,  by  treatment,  the  organic  suspended  matter  has  been  removed  to  the 
extent  of  90.76  per  cent.  The  total  dissolved  residue  and  the  total  and 
dissolved  fixed  residue  are  negative  results,  undoubtedly  due  to  the  large 
quantity  of  lime  retained  in  solution  in  the  effluent.  From  table  A  the 
result  of  the  treatment  of  the  sewage  since  July  15  can  be  followed  by 
months,  and  the  averages  are  given  for  the  whole  period." 

^^  As  the  total  volatile  residue,  the  total  albuminoid  ammonia  and  the  total 
oxygen  consumed  represent  the  amount  of  organic  matter,  these  only  are 
shown  here : 

Total  volatile  residue, 51.06  per  cent,  removed. 

Total  albuminoid  ammonia,  .        .        .        .        49.19 
Total  oxjgen  consumed,        ....        83.27    " 


44  44  .4 

«4  44 


The  work  done,  as  shown  by  these  results,  is  very  good,  and  should 
fully  carry  out  the  object  of  the  plant,  viz.,  not  to  transform  sewage  into 
a  potable  water,  but  to  abate  and  finally  terminate  a  nuisance  to  neighbbr- 
ing  villages  along  the  Blackstone  River." 

The  results  in  1893  are  hardly  as  good  as  those  obtained  during 
the  special  examination  for  a  week  in  ISQl,  but  the  difference  is  not 
very  great,  and  the  amount  of  chemicals  used  per  million  gallons 
during  this  year  has  been  much  less  than  during  the  week  referred  to. 

The  regular  monthly  examinations  of  the  water  of  the  Blackstone 
River  have  been  continued  as  in  previous  years,  and  the  results 
arc  given  in  the  tables  on  pages  346-351.  The  first  two  tables 
contain,  respectively,  the  results  for  each  calendar  year  and  for  the 
six  months  of  each  year  from  June  to  November,  from  the  time 
when  the  examinations  were  first  begun  in  June,  1887,  to  the  end 
of  1893. 
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AVKRAOES  OF  CHEMICAL  ANALYSES  OF  WATKB  TROM  TDE  BLACXSTO-VE  RlVEB 

FOR  THE  Years  1888  to  1893,  ihclcsitk. 
Blackalone  Biver  btlwcen  Mill  Brook  Channel  aitd  the  Sewage  Preeipilalion  Works. 

[Parte  per  100,000.] 
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Averages  of  Chemical  Analyses  op  Water  from  the  Blackstone  River 
FOR  Six  Months  from  June  to  November,  inclusive,  of  Each  Year 
FROM  1887  to  1893. 

Blackstone  River  between  Mill  Brook  Channel  and  tlic  Sewage  PrecipUation  Works. 

[Parts  per  lOO.OOO.J 
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Chemical  Examination  of  Water  jrom  Blackstone  River  between 

[Parts  per  100,000.] 
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Odor,  offensive. The  samples  were  collected  from  the  river  about  200  feet  below  the  iron  biidge. 

l^o.  10413  was  collected  on  Wednesday  and  the  remaining  samples  on  Thursday.    The  drst  sample  was 
collected  at  12.45  P.M.,  and  the  remaining  samples  between  2.00  and  3.65  p.m. 


Chemical  Examination  of  Water  from  Blackstone 

[Parts  per  100,000.] 
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Odor,  offensive. The  samples  were  collected  from  the  river  above  MUlbory  umI  b^ow  tb*  point 

where  the  effluent  from  the  Worcester  Precipitation  Works  enters  the  rivor.  No.  10414  was  oolkKlrd 
on  Wednesday  and  the  remaining  samples  on  Thursday.  The  MunplM  won  ooUoetod  bilwooB  IjOO  aad 
8.10  p.m. 
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BLACKSTONE  BIVJEB. 

Mill  Brook  Channel  and  the  Worcester  Sewage  PrecipUalion  Works. 

[Parts  per  100,000.] 
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Microscopical  Examination. 

Not.  10123  and  10263  were  not  ezamliied.    The  remainlDg  samplea  coniained  Zo'dglosa,  gCDerally  in 
very  large  numbers,  and  only  a  few  of  other  organisms. 


Biver  below  the  Worcester  Sewage  Precipitation  Works, 

[Parts  per  100,000.] 


Ammonia. 

1 

j3 

NiTBOGKN  AS    ' 

1 
Iron. 

• 

« 

CI 

c 

*2 

at 

albuminoid 

• 

• 

8 

2 

• 

8 

5 

• 

S 

c 

• 

« 

1 

1  e 

•• 

1 
a  o. 

Sh 

H 

fi 

00 

s 

SQ 

S 

D 

u< 

t*4 

.4960 

.4000 

.2420 

.2180 

2.40 

.0070 

.0009 

4.9000 

3.6000 

10.1 

1 

.2160 

.1400 

.0820 

.0580 

1.60 

.0400 

.0015 

.4700 

.3000  1 

3.5 

2 

.OS80 

.1020 

.0560 

.0460 

0.06 

.0220 

.0010 

.5200 

.1240 

2.5 

3 

.0450 

.0480 

.0300 

.0180 

0.77 

.1000 

.0020 

.7000 

.2000 

1.8 

4 

.a'*60 

.0480 

.0280 

.0200 

0.84 

.0400 

.0007 

.0390 

.0200 

1.5 

6 

.2960 

.2M0 

.0940 

.1700 

2.52 

.0070 

.0001 

1.3500 

.4400 

3.6 

0 

,2f\M 

.0620 

.0290 

.0330 

2.17 

.0000 

.0000 

3.9000 

• 

16.6 

7 

.2310 

.0780 

.0390 

.0390 

1.54 

.0150 

.0100 

.0500 

_ 

5.7 

8 

.9600 

.2200 

.1600 

.0600 

3.84 

.0050 

.0512 

.7600 

.1500 

11.9 

9 

.0600 

.1670 

.1590 

.0080 

4.44 

.0750 

.0085 

.2950 

.0100 

16.1 

10 

.7000 

.0810 

.0590 

.0220 

2.02 

.0690 

.0060 

.6000 

.0080 

11.2 

11 

.2000 

.0670 

0590 

.0080 

1.15 

.0A30 

1 

.0018 

.3800 

.2800 

4.6 

12 

.3757 

.1447 

.0664 

1 
.0583 

1.98 

.0369 

.0070 

1.1637 

.5132  1 

i 

7.4 

1 

18 

Microscopical  Examination. 

Koa.  10124  and  103M  were  not  examined.    The  remaining  samples  conUined  Zouglcea  often  in  very 
luf»  nnmbera,  and  only  a  few  of  other  organisms. 
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BLACKSTONB  RTV£R. 

Chemical  Examinalion  of  Water  from  Blackslone  River  at  Uxbridge. 

[Piru  p>r  lOO.OOO.] 
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Microscopical  ExamintUion. 

Th<>  niitnl.Fr  of  orianlaina  found  In  thcH  tumplfo  rarled  from  14«  tn  S^ 
Tii|[ed  '*'•,  Zuuglon  bc^ng  by  fur  Ibi:  moal  abundsnl  mod  mnnslnE  724. 
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BLACKSTOXE  RIVER. 

Chemtad  Examinaiion  of  Water  from  Blackstone  River  at  Millville,  Blackslone. 
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Charles  River. 
Regular  monthly  examinations  of  the  water  of  Charles  River 
above  South  Natick  have  been  made  during  the  last  five  months  of 
1893,  and  weekly  examinations  of  the  water  at  .^tna  Mills  and  at  a 
point  about  2,000  feet  below  Galen  Street  bridge  in  Watertowo 
were  made  from  August  17  to  October  26.  An  examination  of  the 
whole  length  of  the  tidal  portion  of  the  river  by  means  of  a  series 
of  chemical  analyses  of  its  water  at  high  and  low  tide  was  made  on 
August  17,  1893,  during  a  course  of  neap  tides  occurring  at  a  time 
when  the  Sow  of  upland  water  was  small.  This  examination  of  the 
tidal  portion  of  the  river  is  a  repetition  of  a  similar  examination  made 
ID  1892,  and  fully  described  in  the  annual  report  of  the  State  Board 
of  Health  for  that  year  (pp.  282-289).  Results  of  all  of  the  analyses 
made  daring  1893  are  given  in  the  following  tables :  — 
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CHART^S  KIVBB. 

Chemical  Examination  of  Waier  from  the  CharUs  Biver  at  South  Nattek. 

[Put*  pw  100,000.) 
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Chemical  Examination  of  Water  from  the  Charles  Biver  at  ^Ina  MilU,  Wniertotrn. 

[PitU  per  100,000.] 
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CHARLES  RIVER. 


Microscopical  Examination  of  Water  from  the  Charles  Biver  al  jUlna  Milla, 
Waterlown. 
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CHATtLES  nrVER. 

Chemiad  Ezamination  of  Water  from  Charles  Bicer  about  Tioo  Thousand  Feel 
below  Qaten  Street  BrUlge,  Walerlown. 

[put!  p*r  100,000.] 
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Microscopical  Examination  of  Water  from  Charles  River  about  Turn  Hausanil 
Feel  below  Oalen  Street  Bridge,  Walertown. 


iwa. 

.v„,.|a„,.|a^.     «.p. 

Sep  I. 

SrpL 

s.pt.  j  on. 

Oct.      0«. 

" 

Oct. 

-        -        M 

i 

» 

18 

21 

I 

tI     » 

.. 

n 

»Bnlberor«mpl.,  .       . 

10S2110SM|  10803 

10B30 

10W3 

now 

llOTK 

lUW 

lllK  IIWS'IIIM 

IISM 

PLAXTa. 

D 

7 

1 

1 

1 
« 

1 
■ 

0 
0 

1 

A 

I 

• 

■ 

n 

Cyanophyce».  o.eii 

_ 

1 

1 

B 

d 

1 

4 

1 

« 

t        1 

AlariBi  CblDrocooeoi. 

- 

0 

•1    • 

' 

B 

• 

1 

4 

I        ■ 

No.  34.] 


EXAMINATION  OF  RIVERS. 


CHARI.es  RIVEB. 

MicroteopUai  Examination  of  Water  from  Charles  Biver,  etc.  —  Concluded. 

[XamberDrorguilaiBi  psienbloci 
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Chemical  Exaniinaiion  of  Water  from  the  Tidal  Portion  of  Charles  River  at  Various 
POinU,  durvng  High  Water  of  Neap  Tides,  Aug.  17, 1893. 
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ClIArtLRS  RIVEB. 


Chcmkni  Exajniitalioti  of  Water  from  the  Tidal  Portion  of  Charlei  Itiver  at 
Variom  foirUs,  during  Low  Water  of  Neap  Tides,  Aug.  17, 189S. 
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Deerfield  Rivek. 
Chemical  Examinaiion  of  Water  from  the  Deerfield  River  abate  Skelburtie  Falls. 
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Microscopical  ExnmimUion. 

It,  81  per  fluhig  aallmettl. 
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EXAMINATION  OF  RIVERS. 


HOUSATOSrC  RIVER. 


HoDSATONic  River. 


Regular  montlily  examinations  of  the  water  of  this  river  were 
made  from  March  to  the  end  of  the  year  with  a  view  to  determining 
the  extent  to  which  the  river  is  polluted  by  the  sewage  of  the  city 
of  Pittsfield  and  other  places  upon  its  watershed.  The  samples 
were  collected  at  New  Lenox,  which  is  distant  about  3.9  miles 
by  the  river  below  the  place  where  the  sewage  of  Pittsfield  is  dis- 
charged into  the  stream.  The  drainage  area  of  the  river  at  New 
Lenox  is  145.6  square  miles,  and  the  population  on  this  area,  by 
the  census  of  18110,  was  23,300,  equivalent  to  a  population  of  160 
per  square  mile.  Of  the  total  population,  17,281  were  in  the  city 
of  Pittsfield. 


Chemical  Examinalton  of  Walcr  from  the  ITousalonia  Biver  al  New  Lenox. 
[r«ru  petlM.ooo.] 
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HOU9ATOXIC  BIVER. 

Xicroteopiciil  Exdminalion  of  Waler  from  the  ffouaalonic  River  at  New  Lenox. 
[Nnmber  of  orgtBltini  pgr  cubic  ognllmeler.] 
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Merrimack  Kiveu. 
Tlie  usual  montlily  examinations  of  the  water  of  this  river  opposite 
the  intakes  of  the  Lowell  and  the  Lawrence  Water  Works  have  been 
continued  during  1893,  the  detailed  results  of  which  may  be  found 
on  pages  181  and  193  of  this  volume.  A  comparison  of  the  analyses 
made  at  these  two  places  during  the  year  is  given  in  the  following 
table :  — 
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MEDHIMACK  RrrsB. 

Table  comparing  the  Analyses  above  Lowell  with  thoie  above  Lawrence,  1893. 

[P.rt.perl«),l»0.] 
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la  order  to  compare  these  results  with  similar  ones  ohtaincd  id 
previous  years,  aDOther  table  is  presented,  which  contaioa  the  in- 
crease in  impurities  as  the  water  passes  from  a  point  above  Lowell 
to  Lawrence,  us  given  in  the  last  line  of  the  above  table,  and  the 
correspoDiHng  increase  in  previous  years  :  — 

Increase  in  the  Amount  of  Impurities  »i  the  Merrimack  Itivcr  Waler,from  a  Point 
above  Lowell  to  Lawrence,  as  determined  by  the  Regular  Monthly  Examinations 
of  Different  Years. 

[Part*  per  IDO.WO.] 
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NASHUA  RIVER. 


Nashua  Biver. 


Chemical  Examination  of  Water  from  the  Korik  Branch  of  the  Kaihua  1 
Mow  FUekbuTg. 
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}t£icro»eopical  Examinaiion  of  Water  from  the  North  Branch  of  the  Nw. 
below  Filchburg. 

[Kumbar  of  orfaolania  per  en  bio  «Bt1nioMr.) 
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NASHUA  RIV£R. 

J^icroswpical  Examination  of  Water  from  the  North  Branch  of  the  Nashua  Biver. 
beUmi  Fitchburg—Coaclai^eA. 

{IfDmtMt  of  orgiDlwni  p«  cabli  «DttmMerO 
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CAffRieo^  Examination  of  Water  from  the  South  Branch  of  the  J 
at  Clinton. 
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NASHUA  BITER. 

Chemical  Examination  of  Water  Jrom  the  Quinepoxet  River  tn  Soldtn. 

[Part*  par  lOO/KK).] 
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Microscopical  Examinalion. 

Tha  avanga  nnmbaT  at  argmDltnii,  par  cubic  ecDllmalar,  tound  la  tbaaa  tamplaawaa  14* ;  tha  gnmi- 
cat  Damber  praaaot  In  aoy  aampla  wH  ^T|  and  Iha  imaJlaat  Dombar,  T§. 

Chemical  Examinalion  of  Water  from  the  Btittwater  River  in  Sterling. 

[Parta  par  100,000.] 
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QUINEBAUQ  BIVEB. 
QUINEBAUO   RlTER. 
Chemical  Examittaiion  of  Water  from  the  Quinebaug  Biver  at  SotUhMdge. 
[Part*  pn  i«o,«n.] 
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stont  bbook. 
Stont  Brook. 
Che}iiieal  Examination  of  Water  from  Slony  Brook  at  Inlet  to  the  New  Conduit 
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Taunton  River. 


Regulur  moDthly  examinatioas  of  the  Taunton  River  above  Taun- 
toD  have  been  made  as  in  previous  yeara,  and  the  results  are  printed 
iu  connection  with  analyses  of  water  of  the  Taunton  water  supply  on 
page  296.  Id  the  following  table  analyses  are  given  of  the  water  of 
Mill  Hiver,  a  tributary  of  the  Taunton,  near  its  mouth.  The  sewage 
of  a  portion  of  the  city  of  Taunton  is  discharged  into  this  river. 
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TAUNTON  RIVEB. 

Miorosaipieal  Examination  of  WaUr  from  the  Mill  River  ai  Taunlon. 
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Chrmical  Examination  oj  Water  from  Ware  Bivtr  at  Cold  Brook  Station,  Bam. 
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SUMMARY  OF  WATER  SUPPLY  STATISTICS. 


At  the  end  of  1893  the  State  contained  30  cities  and  322  towns. 
The  towns  of  Medford  and  Everett  became  cities  on  Jan.  2,  1893, 
thus  causing  the  change  in  the  number  of  cities  and  towns  since  the 
previous  year. 

A  public  water  supply  was  introduced  during  this  year  for  the 
first  time  into  the  towns  of  Chester,  North  Brookfield  and  Province- 
town,  increasing  the  number  of  places  supplied  to  146.  In  addition 
to  the  new  supplies  for  the  places  named  above,  new  sources  have 
been  substituted  for  old  ones  in  Attleborough,  Chicopee,  Easthamp- 
ton,  Orange  and  Taunton.  In  many  other  places  additional  works 
of  less  importance  have  been  constructed  to  increase  the  capacity 
of  the  sources  of  supply. 

It  has  been  found  by  experience  that  there  is  unusual  danger 
when  water  is  taken  directly  from  a  running  stream  into  which 
sewage  is  discharged,  and  it  is  therefore  worthy  of  note  that  of  the 
works  constructed  during  the  year  those  at  Taunton,  Chicopee  and 
Orange  were  built  for  the  purpose  of  abandoning  the  use  of  polluted 
streams  as  sources  of  supply,  while  at  Lawrence,  although  the  Mer- 
rimack River  is  still  used  as  a  source,  the  whole  of  the  water  used  is 
filtered  through  a  filter  having  an  area  of  two  and  one-half  acres  to 
remove  the  disease  germs  which  may  be  in  the  river  water. 

At  Lowell  new  works  for  taking  water  from  the  ground  have  been 
constructed,  which  furnish  a  portion  of  the  supply  of  the  city,  but 
the  greater  portion  still  comes  from  the  Merrimack  River. 

The  following  table  gives  a  classification,  by  population,  of  cities 
and  towns  having  and  not  having  public  water  supplies  Dec.  31, 
1893.     The  populations  are  taken  from  the  census  of  1890  :  — 


PorULATIOH 

(18M). 


Nomb4>r  of 
Placet  of  Olveii 

Popiilailon 
havinif  a  Tab- 

llc  Water 
Supply 


VnAw  600, 
500-1,000, 
1.000.1.500, 
1,500  2,000, 
2,000-8,500, 
2.500^,000, 
2.000-3,500, 
2.500-4/M)0, 
i.000-4.500. 
Abore  4,500, 

TVTAIM, 


0 
6 
6 
8 
0 
7 
8 
7 
11 
85 


146 


Total 
Population  of 

Places 

In  Preceding 

Column. 


0 

4,566 

7,240 

18.857 

10,087 

10.663 

26.010 

26.828 

47,201 

1,779,952 


1,940,455 


Number  of 
Places  of  Given 

Population 
not  having  a 

Public 
Water  Supply. 


Total 
Population  of 

Places 

in  Preceding 

Column. 


28 

63 

43 

27 

14 

18 

5 
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6 
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48,382 
30.299 
49.262 
15.899 

7.392 
21.367 

6.188 


\ 


^»ftA«^ 


370 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


From  the  totals  given  in  the  table  it  will  be  seen  that,  although 
but  forty-one  per  cent,  of  the  cities  and  towns  in  the  State  have  a 
public  water  supply,  yet  the  total  population  of  places  supplied 
represents  87.1  per  cent,  of  the  whole  population  of  the  State.  In 
this  estimate  of  the  total  population  of  municipalities  supplied  all  of 
the  inhabitants  in  them  are  included,  and  it  consequently  includes 
rather  more  than  the  actual  number  of  persons  to  whom  a  public 
water  supply  is  available ;  the  difference,  however,  is  not  large. 
There  are  now  but  6  towns  having,  by  the  census  of  1890,  a  popu- 
lation exceeding  4,000,  which  are  not  provided  with  a  public  water 
supply.     These  are  given  in  the  following  table :  — 


Towvf. 


PopnUtton  In 
1990. 


Blackttone, 

Ipswich.* 

IfiUbary, 


«,1S8 
4.489 
4,428 


Town. 


PopaUUoa  la 
1990. 


WiDcbendoD, 

Rockport,* 

BarntUble, 


4,990 

4.067 
4.0» 


*  Workf  for  th«  mpply  of  Ipawloh  and  Bockport  were  begun  In  18M. 

In  the  following  table  the  various  water  supplies  are  classified 
according  to  the  dates  when  a  fairly  complete  system  of  supply  was 
first  introduced  into  a  city  or  town :  — 


Tears. 


Nomber  of 

Placee 

Supplied. 


Prevlouii  to  1850. 
1860-1850.  inclusive, 
1800-7800.  inclusive, 
1870-1870,  inclusive. 
1880-1880,  Inclusive, 
1800,     . 


0 

4 

10 

44 

68 

6 


Tbam. 


1801,  . 

1802,  . 
1893,    . 

TorAL* 


Number  of 

Pleeeo 
Supplied. 


ft 
1 

S 


140 


Of  the  30  cities  in  the  Commonwealth,  28,  having  a  total  population 
in  1890  of  1,355,849,  own  their  water  works ;  while  2,  having  a  total 
population  of  38,598,  are  wholly  supplied  by  private  companies.  Of 
the  116  towns  having  public  water  supplies,  69,*  with  a  total  popu- 
lation of  360,260,  are  supplied  from  their  own  works,  while  47,  with 
a  total  population  of  194,748,  are  supplied  by  private  companies. 
The  total  population  in  l)oth  cities  and  towns  owning  their  works  is 
1,716,109,  against  233,346  in  those  supplied  by  private  companies. 

The  following  table  gives  statistics  with  regard  to  the  consumption 
of  water  in  many  of  the  cities  and  towns  in  this  State.  The  popo- 
lations  for  1893,  as  given  in  the  table,  were  obtained  in  a  aomewhat 


*  The  flguree  In  thte  paragraph  differ  eooMwhat  frooi  oorrHpoodlBf  ignvH 
laformailoD  received  after  the  first  flgnrea  were  prloted  that  tho  ooatrol  of 
bmd  ptuted  from  private  oompanlet  to  the  pnbllo  aathorltlM. 
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arbitrary  manner  by  adding  three-fiftlis  of  the  increase  in  population 
from  1885  to  1890  to  the  population  as  determined  by  the  census 
taken  in  the  latter  year.  The  daily  consumption  per  inhabitant, 
obtained  by  dividing  the  average  daily  consumption  by  the  total 
population  of  the  city  or  town  in  1893,  is  less  than  the  amount  per 
consumer,  because  there  are  some  in  all  cities  and  towns  who  do  not 
use  the  public  water  supply.  This  difference  between  the  number 
of  inhabitants  and  consumera  accounts,  to  a  large  extent,  for  the  low 
rate,  per  inhabitant,  in  some  towns  where  works  have  been  in  oper- 
ation only  H  short  time,  and  in  coneequence  water  has  not  been  gen- 
erally introduced;  also,  in  towns  where  there  are  villages  to  which 
the  public  water  supply  has  not  been  extended ;  but,  after  making 
all  due  allowance  for  the  varying  proportion  of  water  takers,  there 
is  still  a  very  great  difference  in  the  amount  of  water  used  per  per- 
Bon  in  different  places,  which  it  is  very  difficult  to  account  for. 

Statistics  rtUUing  to  the  Consumption  of  Water  in  Various  Oilies  and  Towtu. 
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Rainfall. 

The  rainfall  for  the  year  1893  was  0.56  inches  in  excess  of  the 
normal,  but  was  very  unevenly  distributed.  The  greatest  excess  of 
rainfall  occurred  in  February,  May  and  December,  while  there  was 
a  deficiency  in  all  the  summer  and  autumn  months  with  the  exception 
of  August,  in  which  there  was  a  slight  excess.  The  effect  of  the 
distribution  was  to  cause  a  very  high  flow  in  the  streams  in  the 
spring  months  and  a  very  low  flow  in  the  summer  and  autumn. 

The  average  annual  rainfall  *  in  Massachusetts,  as  deduced  from 
long-continued  observations  in  various  parts  of  the  State,  is  45.14 
Inches.  In  the  following  table  is  given  the  normal  i*ainfall  for  each 
month  in  the  year,  the  rainfall  for  each  month  in  1893  and  the 
dcpailures  from  the  normal,  f 


Normal 
Rainfall. 

Inches. 

Ralnfkll, 
1S9S. 

Inches. 

Exoesaor 
Deficiency. 

Inches. 

1S98. 

January, 

3.90 

2.83 

—1.16 

February,       • 

3.74 

6.84 

+3.10 

March,    .       .       . 

4.05 

3.80 

-0.25 

April,      . 

8.32 

3.83 

+0.51 

May,       .        .       . 

3.78 

6.38 

+1.65 

June, 

3.30 

2.00 

—0.40 

July, 

8.88 

2.21 

—1.67 

IS9t. 

Augasi, 

September, 
October, 
November, 
December, 

Touls, 


Normal 
Kalnfall. 

Inches. 


Rainfall,     Excess  or 
l>cflolenc]r. 


mat. 

Inches. 


4.85 
2.16 


Inches. 


+0.43 
—1.16 


8.81  !  —0.06 
2.10  I  — 1.«6 
4.09     I    +1.42 


45.70     1    +0.M 

I 


To  enable  the  condition  preceding  the  collection  of  samples  of 
water  in  any  part  of  the  State  to  be  understood,  the  following  tables 
are  presented,  which  give  the  daily  rainfall  in  inches  at  nine  stations 
scattered  about  the  State  :  — 


*  locludinK  molted  snow. 

t  This  and  subsequent  tablet  of  rainfall  have  been  prepared  from  the  recorda  of  the  New  England 
Weather  Service. 


No.  34.]  WATER  SUPPLY  STATISTICS.  373 


Dailtf  BainfiUl  in  Inehea  ai  Nine  Plaeea  in  MatsachtueUs,  Oeogrnpkically  tekded. 
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Flow  op  Streams. 

The  flow  of  the  streams  of  the  State  during  the  year  1893,  as 
indicated  by  the  flow  of  Sudbury  River,  was  a  very  little  less  than 
the  average  for  the  past  nineteen  years,  but  the  distribution  was  very 
uneven.  The  flow  was  above  the  average  in  March,  April  and  May, 
in  the  latter  month  being  nearly  twice  as  great  as  that  recorded  in 
the  same  month  for  any  previous  year,  but  in  all  the  remaining 
months  the  flow  was  below  the  average,  and  from  June  to  November, 
inclusive,  was  the  smallest  since  1887. 

The  efi*ect  of  this  distribution  of  the  flow  was  the  opposite  of  that 
of  the  previous  year.  In  1893  the  drought  was  felt  most  by  the 
cities  and  towns  deriving  their  supply  from  large  watersheds,  with 
comparatively  small  storage,  from  which  water  usually  runs  to  waste 
in  the  spring;  while  those  communities  taking  their  supply  from 
large  ponds  fed  by  comparatively  small  watersheds  experienced  no 
unusual  inconvenience,  owing  to  the  large  amount  of  water  collected 
during  the  spring  months. 

In  order  to  show  the  relation  between  the  flow  of  the  Sudbury 
River  during  each  month  of  1893  and  the  normal  flow  of  the  same 
river,  as  deduced  from  fifteen  years' observations  from  1879  to  1893^ 
inclusive,  the  following  table  has  been  prepared.  The  area  of  the 
watershed  of  the  Sudbury  River  above  the  point  of  measurement  is 
75.2  square  miles. 

TabU  shoioing  the  Average  Monthly  Flow  of  Sudbury  River  for  the  Tear  lS93y 
in  Cubic  Feet  per  Second  per  Square  Mile  of  Drainage  Area^  also  Departures 
from  the  Normal  Flow, 


MONTH. 


NotxAL  Flow. 

Cnbic  Feet  p«r 

Heoond  per 

Square  Mile. 


Actual  Flow 
IM  180». 

Cable  Feet  per 

Second  per 

Square  Mile. 


EXCKKS  OK  1>B- 
riCIKNCT. 

Cubic  Feet  per 

Second  per 

Square  Mile. 


Janaary, 
Febnuuy, 
March,    . 
April,     . 
May,       . 
Jnaa, 
Jaly,      . 
Angost, . 
September, 
Oelober,. 
Komaber, 


2.115 
3.190 
4.159 
2.961 
1.807 
0.736 
0.279 
0.430 
0.432 
0.790 
1.119 
1.422 


1.611 


0.670 
2.886 
5.021 
3.288 
4.461 
0.680 
0.245 
0.270 
O.ltfS 
0.343 
0.403 
1.233 


1.604 


—1.445 
—0.804 
- -0.862 
-^.337 
--2.664 
—0.066 
—0.034 
—0.161 
—0.264 
—0.447 
—0.626 
—0.189 


—0.007 
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The  next  table  shows  the  weekly  fluctuations,  during  1893,  in  the 
flow  of  the  two  streams  most  carefully  measured,  namely,  the  Sud- 
bury and  the  Merrimack.  The  flow  of  these  streams,  particularly 
the  Sudbury,  will  serve  to  indicate  the  condition  of  other  streams  in 
eastern  Massachusetts. 


T<ible  showing  the  Average  Weekly  Flow  of  the  Sudbury  and  Merrimack  Rivers^  in 
Cubic  Feet  per  Second  per  Square  Mile  of  Drainage  Area,  for  the  Year  1893, 


Week  budiho  Sukdat. 


SCDBDBT 
KlVKR. 

Cnblo  FMt 

per 

Second 

ptr  Square 

MUe. 


Mbsbimack 
Uiviuu 

Cable  Feet 

per 

Second 

per  Hquare 

MUe. 


Jan.   1,  . 

8,  . 

1ft.  . 

22.  . 

2»,  . 

12,  . 

10,  . 

20,  . 

Mar.  5,  . 

12,  . 


1». 

2«. 

Apr.  2, 

». 
16, 

23, 

80, 

May   7, 

14, 

21. 

28, 

June  4, 

11. 
18, 
25, 


0.5U 
1.132 
0.d28 
0.460 
0.412 
0.686 
4.987 
2.580 
1.237 
1.248 
2.805 
10.061 
5.161 
4.228 
8.610 
8.472 
3.350 
2.677 
7.854 
4.200 
5.00S 
2.140 
1.161 
0.636 
0.676 
0.657 


0.837 
1.017 
0.610 
0.626 
0.470 
0.487 
1.067 
1.678 
0.082 
0.844 
0.036 
4.126 
2.560 
3.230 
3.503 
4.680 
8.016 
8.400 
7.000 
5.087 
5.808 
8.000 
1.670 
1.900 
l.OU 
0.020 


Week  smdiho  Suvdat. 


SUDBUBT 
UlVBB. 

Cnblc  Fett 

per 

Seoond 

per  Square 

Mile. 


Mbbrixack 

KlVBB. 

Cable  Feet 

pw 

Second 

per  Square 

MUe. 


July  2, 

0, 

10. 

28, 

80, 

Aog.  6, 
18, 
20, 
27, 

Sept.  8, 
10, 
17, 
24, 

Oct.    1, 

8, 

15, 

22, 

20, 

Nov.  6, 
12, 

10, 
26, 
Dee.  8, 
10, 
IT, 
24. 
81, 


0.516 
0.812 
0.211 
0.258 
0.170 
0.275 
0.251 
0.181 
0.880 
0.284 
0.184 
0.175 
0.128 
0.162 
0.155 
0.184 
0.107 
0.788 
0.588 
O.M0 
0.415 
0.411 
O.Mft 
1.001 
O.M0 

i.iti 


o.om 

0.604 
0.508 
0.470 
0.585 
0.441 
0.460 
0.437 
0.061 
1.000 
0.514 
0.481 
0.617 
0.515 
0.515 
0.584 
O.TH 
1.375 
1.515 
0.838 
O.TQi 
0.74S 
l.OtS 
1.1M 
l.SOO 

•.no 

1.000 
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In  the  annual  report  of  the  State  Board  of  Health  for  the  year 
1890  (pages  338  to  340)  a  table  was  printed  giving  records  of  the 
rainfall  upon  the  Sudbury  River  watershed,  and  its  yield,  expressed 
in  inches  in  depth  upon  the  watershed  (inches  of  rainfall  collected), 
for  the  sixteen  years  from  1875  to  1890  inclusive.  The  correspond- 
ing records  for  the  years  1891  and  1892,  as  taken  from  the  annual 
reports  of  the  Boston  Water  Board,  were  given  in  the  annual  report 
for  1892.  In  the  following  table  is  given  the  record  for  1893, 
together  with  the  average  of  the  records  for  the  whole  nineteen 
years. 

RainfcUl  Received  and  Collected  on  the  Sudbury  River  Watershed, 


- 

1898. 

Hban  PCS  19  Team, 
1879-1898. 

MONTH. 

RUnfliU. 

RalnfuU 
Collected. 

Per  Cent 
Collected. 

Rainfall. 

Rainfall 
Collected. 

Per  Cent. 
Collected. 

January,   . 

2.925 

0.773 

26.44 

4.351 

2.227 

51.18 

February, 

8.105 

2.485 

30.32 

4.292 

3.184 

74.18 

Mnrcb, 

» 

3.670 

5.789 

157.74 

4.603 

5.133 

111.51 

April, 

• 

8.fl05 

8.668 

101.75 

3.285 

8.540 

109.43 

May. .        . 

t       < 

6.610 

5.143 

77.81 

8.445 

2.125 

61.68 

Jane, 

• 

2.880 

0.759 

31.88 

2.983 

0.848 

28.43 

July, . 

• 

2.570 

0.282 

10.96 

8.723 

0.333 

8.94 

Angutt,     . 

1       i 

6.415 

0.322 

5.95 

4.327 

0.523 

12.09 

September 

>      • 

1.785 

0.187 

10.75 

3.088 

0.436 

14.12 

October,   . 

4.065 

0.395 

9.72 

4.193 

0.909 

21.68 

November, 

< 

2.195 

0.550 

26.07 

4.042 

1.485 

36.74 

December, 

4.860 

1.421 

29.23 

8.633 

1.811 

49.85 

Total 

B  AN 

D  A' 

rZRA 

OB8, 

48.225 

21.  n4 

45.15 

45.915 

22.554 

49.12 

The  Sudbury  River  records  are  particularly  valuable  as  a  basis  for 
estimating  the  yield  of  other  watersheds  in  Massachusetts,  both  on 
account  of  the  accuracy  with  which  the  measurements  have  been 
made  during  the  whole  nineteen  years,  and  the  absence  of  abnormal 
conditions  which  would  unfavorably  affect  the  results.  It  is  there- 
fore thought  advisable  to  publish  in  the  following  table  those  por- 
tions of  the  records  relating  to  the  yield  of  this  watershed  for  each 
of  the  nineteen  years ;  and  in  doing  so  the  flow  from  the  watershed 
IS  expressed  in  gallons  per  day  per  square  mile,  instead  of  inches  in 
depth  of  rainfall  collected,  in  order  to  render  the  table  more  con- 
venient for  use  in  estimating  the  probable  yield  of  watersheds  used 
as  sources  of  water  supply. 
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Yield  of  the  Sudbury  Biver  Walerthed'  in  Oallons  Per  Day  Per  Square  MiU. 
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ON  THE  AMOUNT  AND  CHARACTER  OF  ORGANIC  MATTER  IN 
SOILS  AND  ITS  BEARING  ON  THE  STORAGE  OF 

WATER  IN  RESERVOIRS. 


By  Thomas  M.  Drowk,  M.  D.,  Chemist  of  the  Board. 


Many  statements  have  been  made  in  previous  reports  of  the  Board, 
concerning  the  injurious  effect  on  impounded  water  of  the  organic 
matter  in  the  bottoms  and  sides  of  reservoirs,  and  great  stress  has 
been  laid  on  the  importance  of  removing  all  vegetation,  as  well  as 
the  upper  layers  of  the  soil,  before  filling  a  new  basin  with  water.* 

In  order  to  determine  in  any  case  just  how  far  it  is  necessary  to 
go  in  the  removal  of  the  surface  soil,  a  knowledge  of  the  composition 
of  the  soil,  based  on  chemical  analysis,  is  a  much  surer  guide  than 
the  unaided  eye.  It  is  not  merely  a  question  of  the  effective  clean- 
ing of  the  bottom  and  sides  of  the  reservoir,  but  also  of  avoiding  the 
expense  involved  in  stripping  the  soil  to  a  greater  depth  than  is 
necessary.  In  connection  with  the  investigations  of  the  State  Board 
of  Health  relative  to  a  water  supply  for  the  city  of  Boston  and  its 
suburbs,  surveys  have  been  made  for  an  immense  storage  reservoir 
on  the  south  branch  of  the  Nashua  River  above  Clinton,  and  it  was 
thought  desirable  that  a  thorough  knowledge  of  the  character  of  the 
soil  should  be  obtained  as  a  basis  for  determining  the  amount  which 
it  would  be  necessary  to  remove  to  obtain  a  clean  bottom  and  sides 
practically  free  from  organic  matter.  Samples  of  soils,  representing 
sections  of  the  ground  to  a  depth  of  three  feet,  were  taken  at  nine 
places  in  Clinton,  Sterling,  West  Boylston,  and  Boyl^ton,  and  in 
one  case  at  the  bottom  of  a  mill  pond. 

Each  of  these  nine  sections  were  divided  into  six  or  seven  samples 
for  analysis,  the  upper  portion  being  divided  into  thin  layers  of  two 
to  three  inches,  the  lower  portions,  with  less  organic  matter,  into 
layers  of  six  inches  to  one  foot  in  depth. 

*  ConiMvo  tpedal  report  npon  the  examination  of  water  sopplies,  1890,  pages  748,  772, 
773;  xepon for  1891,  page  881. 
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The  amount  of  organic  matter  in  these  samples  was  determined 
(after  careful  drying  to  a  constant  weight  at  100°  C.)  by  heating 
the  samples  to  a  bright  red  heat.  The  loss  on  ignition  thus  obtained 
represents  approximately  the  organic  matter  in  the  samples.  But 
in  order  to  get  a  better  knowledge  of  the  character  of  this  organic 
matter,  the  amounts  of  carbon  and  of  nitrogen  were  also  determined 
in  each  sample  —  the  former  by  combustion  in  oxygen,  the  latter  by 
the  Kjcldahl  method.  In  series  9  and  10,  the  amount  of  hydrogen 
was  also  determined.* 

Owing  to  the  heterogeneous  character  of  many  of  the  samples, 
composed  often' of  a  mixture  of  soil,  roots  and  large  stones,  it  is 
sometimes  extremely  difficult  to  get  a  sample  for  analysis  that  shall 
fairly  represent  the  layer  in  question.  Perhaps  some  of  the  apparent 
irregularities  in  the  results  may  be  due  to  this  cause.  But  though 
this  difficulty  is  inherent  in  the  investigation  it  is  not  believed  to 
seriously  affect  the  results,  or  the  conclusions  drawn  from  them. 

The  results  obtained  in  the  analyses  of  the  nine  sections  of  soil, 
and  the  deposit  from  the  bottom  of  the  mill  pond,  are  given  in  the 
accompanying  tables.  The  largest  amount  of  organic  matter  found 
was  from  a  swamp  at  the  head  of  Boylston  Mill  Pond  (Series  7), 
and  the  next  largest  in  amount  from  the  hillside  near  the  site  of  the 
proposed  dam  (Series  4).  The  other  series,  from  very  dissimilar 
ground,  did  not  differ  very  widely  in  the  amount  of  organic  matter 
present,  although  they  included  both  un wooded  and  uncultivated 
land  and  wooded  and  manured  pasture  land.  But  in  all  the  series 
there  is  usually  a  rapid  fulling  off  in  the  amount  of  the  organic 
matter  below  a  depth  of  nine  to  eleven  inches.  At  the  depth  of 
three  feet  the  amount  of  organic  matter,  as  shown  by  the  loss  on 
ignition,  in  no  case  reaches  two  per  cent.,  and  in  the  majority  of  the 
cases  it  is  below  one  per  cent.  The  mud  taken  from  the  bottom  of 
the  Mill  Pond  at  different  points  contained  very  variable  amounts  of 
organic  matter,  from  almost  nothing  at  one  place  in  the  shallow  por- 
tion to  nearly  15  per  cent,  in  the  deeper  portion. 

It  was  thought  that  the  relation  of  the  amount  of  nitrogen  to  the 
amount  of  carbon  in  the  organic  matter  might  throw  some  light  on 
its  character  and  its  likelihood  to  undergo  decomposition.  This 
relation  is  given  to  the  column  headed  ^.  The  only  series  in  which 
the  nitrogen  ratio  is  noticeably  higher  than  the  rest  is  No.  5,  from 

•  AH  the  analyses  in  UiU  inyestigaUon  were  made  bj  Miu  BUtaibetk  Mmob. 
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low  pa8tui*e  land.  Series  Nos.  4  and  6,  both  from  hillsides,  show  a 
noticeably  high  carbon  ratio,  and  the. others  are  not  very  dissimilar 
in  their  proportion  of  carbon  to  nitrogen. 

An  attempt  was  made  to  imitate  the  conditions  which  would  ob- 
tain if  the  reservoir  should  be  filled  with  water  without  removinor 
the  soil,  in  order  to  determine  what  would  be  the  effect  of  each  of 
the  soils  examined  on  water  in  contact  with  it.  It  is  obvious  that 
no  laboratory  experiment  could  exactly  reproduce  the  conditions 
which  would  exist  in  a  reservoir*  Thus  it  would  not  be  easy  to 
imitate  the  period  of  long  stagnation  of  the  water  during  the  sum- 
mer, when  the  deeper  layers  of  the  water  are  in  contact  with  the 
soil,  without  an  opportunity  to  get  a  fresh  supply  of  oxygen  from  the 
air.  Still  it  was  thought  that  some  idea  of  the  effect  of  the  different 
soils  on  the  water  could  be  obtained  by  treating  the  samples  with 
water  for  a  definite  time,  and  then  examining  the  solutions  thus  ob- 
tained with  respect  to  the  character  of  the  organic  matter  dissolved. 
In  order  to  hasten  the  action  of  the  water  on  the  soils,  it  was  heated 
to  C5^  C.,'  and  the  time  of  contact  at  this  temperature  was  six  hours. 
The  waters  were  then  filtered  and  the  filtrate  examined  by  the  usual 
methods  used  in  the  sanitary  analysis  of  water.  After  standing  one 
week  the  waters  were  again  tested  for  free  ammonia,  to  ascertain  the 
amount  of  decomposition  which  had  gone  on  in  this  time,  thus  ob- 
taining information  as  to  the  character  of  the  organic  matter  dis- 
solved. The  actual  amounts  of  organic  matter  found  in  these  solutions, 
as  indicated  by  the  albuminoid  ammonia  and  oxygen  consumed,  are 
not  especially  significant,  since  they  would  probably  have  been  very 
different  if  another  temperature  or  a  greater  or  less  time  of  treat- 
ment had  been  adopted.  But  a  comparison  of  the  amounts  dissolved 
from  the  soils  in  each  series,  and  a  comparison  of  the  series  with  each 
other,  yield  information  as  to  the  relative  facility  with  which  each  of 
the  samples  examined  give  up  organic  matter  to  water  with  which  it 
comes  in  contact. 

In  the  various  experiments  tried  the  proportion  of  soil  to  water 
differed,  and  in  some  cases  distilled  water  was  used  and  in  others 
Cochituate  water.  But  in  the  tables  the  results  of  series  1  to  8 
have  been  calculated  to  represent  the  effect  of  the  treatment  of  100 
grams  of  soil  with  two  litres  of  pure  water  at  65°  C.  for  six  hours. 
In  series  9  and  10  no  heat  was  employed.  In  these  experiments  250 
grams  of  each  sample  were  placed  in  a  bottle  with  two  litres  of  pure 
distilled  water.     After  one  week,  one  litre  of  this  water  was  filtered 
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off  and  analyzed,  and  at  the  end  of  the  second  week  the  remaining 
water  was  examined. 

In  comparing  these  tables  of  analyses  of  the  waters  with  the 
corresponding  tables  giving  the  percentage  determinations  of  loss  on 
Ignition,  carbon  and  nitrogen,  a  general  agreement  will  be  noticed; 
that  is  to  say,  the  samples  containing  the  most  organic  matter 
give,  as  a  rule,  the  most  concentrated  solutions  of  organic  matter. 
But  the  analyses  do  not  indicate  more  than  a  very  general  corre- 
spondence of  this  kind.  It  will  also  be  noted  that  the  amount  of 
decomposition  going  on  in  these  solutions,  indicated  by  the  increase 
of  free  ammonia  on  standing  one  week,  is,  in  general,  also  proportional 
to  the  amount  of  organic  matter  present.  The  most  notable  increase 
in  the  free  ammonia  is  generally  in  the  solutions  prepared  from  the 
surface  samples.  In  solutions  from  the  deeper  samples  there  is 
generally  a  decrease  of  free  ammonia  indicating  doubtless  it^  oxida- 
tion to  nitrates.  The  samples  from  the  bottom  of  the  Mill  Pond 
(series  8)  give  solutions  which  have  little  or  no  tendency  to  develop 
free  ammonia.  This  might  be  expected  from  the  fact  that  the  or- 
ganic matter  they  contain  has  long  been  in  contact  with  water. 

The  effect  of  the  soil  on  the  color  of  water  is  given  both  for  color- 
less distilled  water,  and  for  Cocbituate  water  having  an  original 
color  of  about  0.55  on  the  scale  used  in  the  analyses  of  the  State 
Board  of  Health.  In  these  color  determinations  the  water  was  not 
heated,  and  the  length  of  time  of  contact  with  the  soil  was  about 
18  hours.  It  will  be  noticed  that  in  some  cases  the  deeper  samples 
actually  diminished  the  color  of  the  Cochituate  water. 

As  a  preliminary  conclusion,  based  on  the  facts  determined  in  this 
investigation,  it  may  be  said  that  the  effect  of  the  organic  matter  in 
these  various  soils  on  the  water  in  contact  with  them  is  simply  a 
question  of  its  amount,  and  that  its  origin  and  composition  seem 
to  be  without  marked  influence.  The  watershed  from  which  the 
samples  were  taken  is  very  sparsely  populated,  and  the  organic 
matter  in  all  cases  is  mainly  of  vegetable  origin. 

It  is  probable,  therefore,  that  we  need  only  concern  ourselves  with 
the  amount  of  organic  matter  in  a  soil  of  this  character  in  determin- 
ing the  necessity  of  its  removal,  and  as  a  provisional  standard  we 
may  perhaps  fix  1.5  to  2  per  cent,  of  organic  matter,  as  determined  by 
the  loss  on  ignition  of  tHe  sample  dried  at  100^  C,  as  the  permissible 
limit  of  organic  matter  that  may  be  allowed  to  Femain  on  the  bottom 
and  sides  of  a  reservoir. 
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Series  1. 

Frtym  a  Cornfield  One-quarter  Mile  below  Clarendon  Mills,  West  Boylston,  Culti- 
vated Fertilized  Ground  in  Bottoms,  Samples  taken  from  Surface  to  Three 
Feet  below  Surface,    All  Samples  dried  at  100°  C, 


LOM 

on  Ignition. 
(Per  Cent.) 

Carbon. 
(Per  Cent.) 

Nitrogen. 
(Per  Cent)' 

RaUo. 

e 
n 

la.    Surface  to  2  In.  below 

8.64 

5.12 

0.47 

10.9 

lb.    2  In.  to  4  In.  below  ■arface, 

8.83 

8.55 

0.21 

18.0 

Ic.    4  Id.  to  6  In.  below  ■nrfaee, 

7.43 

8.47 

0.80 

11.5 

Id,   0  In.  to  9  In.  below  sarfaee, 

4.27 

2.03 

0.21 

9.7 

U.    9  In.  to  14  in.  below  rarface, 

1.87 

0.26 

0.04 

8.5 

1/.    14  in.  to  20  in.  below  surfaoe,     . 

1.07 

0.18 

0.02 

8.0 

1^.    8  feet  below  sarfaee, 

0.78 

0.15 

0.05 

8.0 

Sanitary  Analysis  of  Water  wiih  which  the  Sails  had  been  treated  as  described, 

[Parta  per  100,000.] 


Free 
Ammonia. 


Free 
Ammonia 

after 

Standing 

One  Week. 


Albominoid 
Ammonia. 


Oxygen 
Contnmed. 


Color  with 

Distilled 

Water. 


Effect 
of  8ollt  on 

Color  of 
Cocbltuate 

Water  of 
Color  0.65. 


la.  Snrface  to  2  in.  below,     • 

1^.  2  in.  to  4  in.  below  aurfaee, 

le,  4  In.  to  8  in.  below  anrfaoe, 

Id.  8  in.  to  9  in.  below  aurfaee, 

U.  9  in.  to  14  in.  below  anrfaoe, 

I/.  14  in.  to  20  in.  below  anrfaoe, 

Iff.  3  feet  below  anrfaee,        • 


0.0343 

0.1107 

0.0424 

0.0084 

0.0317 

0.0013 

0.0317 

0.0350 

0.0212 

0.0078 

0.0194 

0.0078 

0.0220 

0.0374 

0.1914 
0.1437 
0.1538 
0.0881 
0.0351 
0.0180 
0.0105 


3.2388 

Notdet'd. 

2.0637 

2.5290 

0.9733 

0.4947 

0.2515 

0.2783 

Not  det'd. 
II 

II 

II 

II 


II 


ti 
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Series  2. 

From  a  very  Steep  Slope  One-quarter  Mile  below  Clarendon  Mills,  West  BoyUton, 
Not  wooded  or  cultivated.  Samples  taken  from  Surface  to  Three  Feet  below 
Surface,    All  Samples  dried  at  lOO^C, 


Lota 

on  Iffnltlon. 

(Per  Cent.) 

Carbon. 
(Per  Cent.) 

Nltro|r*n. 
(Per  Cent  ) 

Batlo. 

c 
n 

2a.    Barface  to  2  Id.  below 

4.55 

2.26 

0.14 

16.1 

26.    2  In.  to  4  In.  below  lurfAcet 

10.19 

6.00 

0.27 

18.6 

2c.    4  in.  to  7  In.  below  lurfaee, 

7.62 

2.52 

0.36 

7.0 

2(i.    7  In.  to  10  In.  below  surface, 

7.70 

2.M 

0.21 

14.0 

2«.     10  In.  to  16  In.  below  aurfaee,     . 

1.01 

0.18 

0.05 

3.6 

%f,     16  in.  to  22  in.  below  aorfaoe,     . 

1.63 

0.24 

0.13 

1.8 

2^.    8  feet  below  aarface, 

0.80 

0.23 

0.08 

7.7 

'  Sanitary  Analysis  of  Water  with  which  the  Soils  had  been  treated  as  described. 

[ParU  per  100.000.] 


Free 
Ammonia. 


Frse 
Ammonia 

after 

Rtandinff 

One  Week. 


Albamlnold 
Ammonia. 


Oxyirtn 
Conaumed. 


Color  with 

DIMiHed 

Water. 


Effitct 
of  Soltoon 

Color  of 
C^ichltvate 

Water  of 
Color  0^. 


2a.  Sarface  to  2  in.  below,     . 

2b,  2in.  to4in.below  anrfkoe, 

2c.  4  in.  to  7  in.  below  aurfaee, 

2d,  7  in.  to  10  in.  below  aurfaee, 

2e,  10  in.  to  16  in.  below  aurfaee, 

2^.  16  in.  to  22  in.  below  lurface, 

2g,  8  feet  below  •nrface,        • 


0.0340 

0.0660 

0.0227 

0.1215 

0.0227 

0.0335 

0.0178 

0.0062 

0.0307 

0.0180 

0.0190 

0.0000 

0.0323 

0.0218 

0.0652 
0.1872 
0.1261 
0.1849 
0.0205 
0.0196 
0.0267 


1.4788 

0.40 

2.8384 

0.48 

2.8092 

0.85 

2.6»a 

0.52 

0.5428 

0.15 

0.4560 

- 

0.8766 

0.00 

0.90 
1.00 
0.85 
0.85 
0.70 

0.45 
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Series  3. 

From  Pasture  Land  One  Mile  North  of  South  Clinton  Station,  Sandy  and  Gravelly 
and  Nearly  Level,  Samples  taken  from  Surface  to  Three  Feet  below  Surface. 
All  Samples  dried  at  10(fC. 


LOM 

on  Ignition. 
(Per  Cent.) 

Carbon. 
(Per  Cent.) 

Nltroffen. 
(Per  Cent.) 

Batio. 

e 
n 

8a.    Barface  to  2  In.  below 

7.86 

8.51 

0.27 

18.0 

Zh.    S  In.  to  4  In.  below  larface,        .       .       . 

5.85 

2.18 

0.24 

9.1 

tc.    4  in.  to  6  In.  below  larface,        . 

4.93 

2.28 

0.20 

11.4 

3</.    0  In.  to  11  in.  below  larfmce,       . 

1.78 

0.50 

0.03 

16.7 

8«.     11  In.  to  16  in.  below  larface,     . 

1.48 

0.13 

0.04 

8.8 

3/.    16ln.  to  36  In.  below  surface,     •       .       • 

0.81 

0.02 

0.02 

1.0 

Sanitary  Analysis  of  WcUer  ivUh  which  the  Soils  had  been  treated  as  described. 

[ParU  per  100,000.] 


Ammonia. 


Free 
Ammonia 

after 

Standing 

One  Week. 


Albuminoid 
Ammonia. 


Oxjffen 
Coneumed. 


Color  wltli 

l>lttlUcd 

Water. 


Effect 
of  Soils  on 

(^lor  of 
Cochltnate 

Water  of 
Color  0.55. 


8a.  Surface  to  2  In.  below,     . 

86.  2  In.  to  4  in.  below  surface, 

8c.  4  In.  to  6  In.  below  surface, 

2d,  6  In.  to  11  In.  below  surface, 

8c.  11  in.  to  16  In.  below  surface, 

8/.  10  In.  to  86  In.  below  surface. 


0.0841 
0.0467 
0.0857 
0.0427 
0.0400 
0.0214 


0.0541 
0.0603 
0.0745 
0.0188 
0.0290 
0.0121 


0.1540 
0.1041 
0.0888 
0.0821 
0.0125 
0.0067 


1.4423 

0.30 

1.4855 

0.22 

1.2000 

0.15 

0.4361 

0.12 

0.1689 

0.00 

0.1000 

0.00 

0.60 
0.65 
0.60 
0.50 
0.18 
0.83 
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Series  4. 

From  a  very  Stcep^  Clayey  Hillside  near  Site  of  Proposed  Dam,    Samples  taken 
Jrom  Surface  to  Three  Feet  below  Surface,    All  Samples  dried  at  10(PC. 


Lo«t 

on  Ignition. 

(Per  Cent.) 

Carbon. 
(Per  Cent) 

nitrogen. 
(Per  Cent.) 

Bntlo. 

e 
n 

4a.    Borfaoe  to  2  Id.  below,        .       •       •       . 

17.70 

8.10 

0.66 

14.6 

46.    2  In.  to  4  In.  below  larfaoe,        .       • 

11.04 

6.86 

0.88 

16.4 

4c.    4  In.  to  6  In.  below  lurfaoe. 

8.66 

4.81 

O.U 

86.0 

Ad,   6  in.  to  11  in.  below  larface, 

4.04 

1.26 

0.06 

26.2 

U,    11  in.  to  16  in.  below  inrface,     . 

2.80 

0.47 

0.08 

16.7 

V*    8  feet  below  larfaoe, 

1.76 

0.10 

0.01 

10.0 

Sanitary  Analysis  of  Water  with  which  the  SoUs  had  been  treated  as  described, 

[ParU  per  100,000.] 


Free 
Ammonia. 

Free 

Ammonia 

after 

Standing 

One  Week. 

Albuminoid 

Oonaomed. 

Color  with 

DtoilUed 

Water. 

E«Kt 

ofSoitoon 
Color  of 

OoehltMt* 
Water  of 

Color  0J6. 

4a.    Surface  to  2  in.  below,      . 
46.    2  in.  to  4  in.  below  aurfaoe,     . 
4c.    4  In.  to  6  In.  below  ■urfac«,      . 
id,   6  in.  to  11  in.  below  aarface,    . 
40.    11  in.  to  16  In.  below  aarface,  . 
V"*    8  fMt  below  furface. 

0.0622 
0.2581 
0.0464 
0.0071 
0.0077 
0.0188 

0.8566 
0.4740 
0.1518 
0.0267 
0.0164 
0.0002 

0.4240 
0.8082 
0.1068 
0.0642 
0.0860 
0.0166 

7.7888 
8.08» 
4.8828 
1.0422 
0.64S7 
0.8000 

0.80 
0.80 
0.48 
0.82 
0.18 
0.40 

0.7ft 
0.7ft 
0.80 
0.66 
O.U 
0.70 
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Series  5. 

From  Level  Pasture  Land  near  River,  Half  a  Mile  East  of  Boylslon  Station,  Silt 
Formation.  Samples  taken  from  Surface  to  Three  Feet  Six  Inches  below 
Surface,    All  Samples  dried  at  100^  C, 


Lost 

OD  Iffnititni. 

(Per  Ceot.) 

CarboD. 
(Per  Cent.) 

NltrogaD. 
(Per  Ceot) 

Ratio. 

£_ 

n 

ba.    8orfftc«  to  2  Id.  below, 

0.40 

4.19 

0.48 

9.7 

6^.    2  io.  to  4  in.  below  larface, 

8.04 

1.88 

0.15 

8.9 

5c.    4  in.  to  7  in.  below  larfaoe, 

8.04 

1.02 

0.11 

9.8 

bd.    7  in.  to  10  lo.  below  aorface, 

2.12 

0.63 

0.10 

6.8 

he,    10  Id.  to  15  in.  below  rarface,     . 

2.61 

0.78 

0.09 

8.1 

5/.    16  In.  to  20  In.  below  aorfaoe,     . 

0.88 

0.16 

0.03 

5.8 

tg.    3  ft.  6  in.  below  aorfape, 

1.09 

0.21 

0.02 

10.5 

Sanitary  Analysis  of  Water  with  which  the  Soils  had  been  treated  as  described. 

[Parte  per  100,000.] 


Free 

AoimoDia. 


Free 
AmmoDia 

after 

StandlnR 

One  Week. 


Albomioold 
Ammonia, 


Oxygen 
Ck>ntamed. 


Color  with 

DlettUed 

Water. 


Effect 
of  Solle  on 

Color  of 
Cochltnate 

Water  of 
Color  0.55. 


6a.  Surface  to  2  in.  below,     . 

&b,  2  in.  to  4  in.  below  anrface, 

6c.  4  in.  to  7  in.  below  rarfaee, 

6d,  7  in.  to  10  in.  below  enrface, 

be,  10  in.  to  15  in.  below  anrfacet 

b/.  15  in.  to  20  in.  below  enrface, 

bg.  3  ft.  6  in.  below  anrface,  . 


.       0.0349 

0.2678 

.       0.0633 

0.0195 

.       0.0380 

0.0009 

.       0.0166 

0.0325 

.       0.0182 

0.0117 

.       0.0188 

0.0041 

.       0.0295 

0.0533 

0.5556 
0.0636 
0.0670 
0.0310 
0.0519 
0.0199 
0.0116 


2.7619 

0.20 

1.5876 

0.20 

0.8444 

0.20 

0.2882 

0.20 

0.6127 

0.25 

0.2726 

0.00 

0.2036 

0.05 

0.70 
0.65 
0.70 
0.60 
0.70 
0.45 
0.50 


394 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


Series  6. 

From  Three-qtmrters  of  a  Mile  West  of  Boylston  Centre  on  Wooded  Hillside  East  of 
Muddy  Brook.  Samples  taken  from  Surf  (ice  to  Three  Feet  below  Surface,  All 
Samples  dried  at  100''  C. 


Lots 
OD  Ignition. 

(Percent.) 

Carbon. 
(Per  Cent.) 

Nitrogen. 
(Per  CJent) 

Ratio. 

n 

6a.    Surface  to  2  in.  below 

0.60 

8.08 

0.11 

81.2 

tt.    2  in.  to  4  Id.  below  larface, 

4.31 

1.80 

0.04 

82.5 

6c.    4  In.  to  7  in.  below  lurface, 

4.06 

0.01 

0.11 

8.8 

dd.    7  Id.  to  10  in.  below  surface, 

2.83 

0.60 

0.02 

84.5 

6e.     10  Id.  to  16  Id.  below  surface,     . 

2.50 

0.80 

0.02 

15.0 

^.    3  ft.  below  surface, 

1.77 

0.16 

0.01 

16.0 

Sanitary  Analysis  of  Water  with  which  the  Soils  had  been  treated  as  described, 

[ParU  per  100,000.] 


Free 
Ammonia. 

Free 
Ammonia 

after 

SUnding 

One  Week. 

Albuminoid 
Ammonia. 

Oxygen 
(;<msumed. 

Color  with 
liistiiled 
Water. 

EiliMt 

of  Sol  Is  on 
Color  of 

Coehttoata 
Water  of 

CokvCAS. 

6a. 

Surface  to  2  in.  below,     . 

0.0800 

0.2021 

0.4726 

7.0009 

0.00 

1.00 

66. 

2  in.  to  4  in.  below  surface,      . 

0.0392 

0.0574 

0.0770 

1.5740 

0.80 

0.70 

6c. 

4  Id.  to  7  In.  below  surface, 

0.0361 

0.0323 

0.0519 

1.0977 

0.88 

0.60 

M, 

7  in.  to  10  in.  below  surface,    . 

0.0200 

0.0116 

0.0248 

0.8868 

0.10 

0.58 

6«. 

10  in.  to  16  Id.  below  surface,  . 

0.0840 

0.0142 

0.0288 

0.5000 

0.20 

0.55 

V. 

3  ft.  below  surface,  . 

0.0142 

0.0077 

0.0110 

0.1478 

0.00 

0.10 
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Sebies  7. 

From  Swamp  at  Head  of  BoyUton  Millpo7id,  about  Three-quarters  of  a  Mile  above 
Boylston  Station,  Sampler  taken  from  Surface  to  Three  Feet  Three  Inches 
below  Surface,    All  Samples  dried  at  100^  C, 


Iamb 
on  Ignition. 

(Per  Cent.) 

Carbon. 
(Per  Cent.) 

mtrofen. 
(Per  Cent.) 

KaUo. 

c 
n 

7a.    Surface  to  2  in.  below 

22.. 31 

12.53 

0.96 

13.0 

7b,    2  In.  to  4  in.  below  surface,        . 

24.  &9 

18.05 

0.64 

24.2 

7c.     4  In.  to  8  in.  below  surface, 

17.12 

8.76 

0.86 

10.2 

7d,    8  in.  to  12  in.  below  aurface, 

9.14 

8.96 

0.21 

18.9 

7€.     12  in.  to  21  in.  below  surface,     . 

3.93 

1.44 

0.09 

16.0 

7/.    21  in.  to  39  in.  below  aurface,     . 

1.98 

0.51 

0.04 

12.8 

7g.    38  in.  below  aurface 

0.66 

0.06 

0.00 

0.0 

Sanitary  Analysis  of  Water  with  which  the  Soils  had  been  treated  as  described, 

[Parte  per  100,000.] 


Free 
Ammonia. 


Free      j 
-^""iL^'^lAJbomlnoid 
Standhiff  I  -^"»°»onia. 
One  Week. 


Oxygen 
Consumed. 


Color  with 

Dittllled 

Water. 


Effect 
of  Soils  on 

Color  of 
Cochituate 

Water  of 
Color  0.65. 


la.  Sarfaee  to  2  in.  below,      . 

*^'  2  In.  to  4  in.  below  aurface, 

^'='  4  in.  to  8  in.  below  surface, 

'<'•  S  io.  to  12  In.  below  aurface, 

"'  12  Id.  to  21  in.  below  aurface, 

'/*  21  Id.  to  SO  in.  below  rarfaee, 

'9'  39  Id.  below  aurface. 


0.1360 

0.4000 

0.1486 

0.5429 

0.1360 

0.3440 

0.0274 

0.0709 

0.0305 

0.0267 

0.0173 

0.0220 

0.0179 

0.0245 

0.4970 
0.4486 
0.4970 
0.0937 
0.0438 
0.0602 
0.0080 


6.4000 

0.40 

7.4286 

0.60 

4.6000 

0.12 

2.7429 

0.60 

1.0867 

0.80 

0.8471 

0.10 

0.1865 

0.02 

0.70 
0.90 
0.65 
1.00 
0.70 
0.55 
0.45 
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Series  8. 

From  Bottom  of  OakddU  Millpond  from  Depths  of  Three  to  Twelve  Feet,    All 

Samples  dried  at  lOO^C. 


Leas 

on  ignition. 

(Per  Cent.) 

Carbon. 
(Percent) 

Kitfogeu. 
(Per  Omt) 

Batio 

e 
u 

8a.    Near  head  in  8  ft.  of  water, 

0.91 

0.07 

0.01 

7.0 

86.    \  mile  below  bead  in  5  ft.  of  water,    .... 

0.11 

0.06 

0.00 

0.0 

8c.    i  mile  below  haad  In  7  ft.  of  water,    .... 

10.18 

4.10 

0.86 

11.4 

Bd.   i  mile  from  head  in  9  ft.  of  water 

10.46 

4.17 

0.86 

11.9 

8«.    600  ft.  above  W.  ft  N.  B.B.  in  12  ft.  of  water,  . 

14.75 

6.66 

0.68 

12.4 

^.    500  ft.  below  W.  ft  N.  B.R.  in  12  ft.  of  water,  . 

4.72 

2.18 

0.15 

14.6 

Sanitary  Analysis  of  Water  unth  which  the  Soils  had  been  treated  as  described. 

[ParU  per  100,000.] 


Free 

Ammonia. 

Free 

Ammonia 

after 

Standlof 

One  Week. 

Albuminoid 
Ammonia. 

Ozyten 
Oonanmed. 

Color  with 

Distilled 

Water. 

EfleeC 
ofHotlioo 

Color  of 
Ooehitvate 

Water  o# 
Color  0.66. 

8a.    Near  head  in  8  ft.  of  water,     . 

0.0186 

0.0121 

0.0251 

0.22M 

0.01 

0.65 

86.    i  mile  below  head  in  6  ft.  of 

0.0162 

0.0027 

0.0144 

0.1864 

0.00 

0.60 

water. 

8e.     i  mile  below  head  in  7  ft.  of 

0.2100 

0.2000 

0.2042 

8.1408 

0.60 

0.90 

water. 

Bd.    i  mile  from  head  in  0  ft.  of 

0.1707 

0.2240 

0.2227 

8.8600 

0.80 

0.70 

water. 

8tf.    600  ft.  abore  W.  ft  N.  R.B.  In 

0.1043 

0.2286 

0.1888 

3.7600 

0.80 

0.76 

12  ft.  of  water. 

8/.    500  ft.  below  W.  ft  N.  R.R.  in 

0.1103 

0.0865 

0.0790 

1.8707 

0.61 

0.86 

12  ft.  of  water. 
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Series  9. 

From  Pasture  Land  about  One  and  One-quarter  Miles  below  West  Boylston,  on 
South  Side  of  Railroad^  which  had  never  been  cultivated.    Samples  taken 
from  Surface  to  Twenty  Inches  below  Surface.    Samples  dried  at  100^  C* 


Molstnre. 
(Percent ) 

Lois  on 
Ignition. 

(Percent.) 

Hydrogen. 
(Percent.) 

Carbon. 
(PerCient.) 

Nitrogen. 
(Percent.) 

Katlo. 
n 

Oa.    Surface  to  2  In.  below,    . 

81.18 

10.80 

1.45 

11.02 

0.66 

18.06 

%,    2  Id.  to  4  In.  below,  .... 

29.17 

11.52 

0.66 

6.82 

0.48 

11.08 

9c   4  in.  to  7  In.  below 

26.17 

8.87 

0.62 

8.56 

0.26 

13.60 

Od.    7  in.  to  10  In.  below. 

26.10 

5.16 

0.42 

1.88 

0.08 

46.00 

9e.    10  in.  to  15  In.  below, 

22.55 

8.16 

0.81 

0.87 

0.06 

l^L 

0/.    15  in.  to  20  in.  below,      . 

18.47 

2.48 

0.22 

0.86 

0.08 

_s 

Sanitary  Analysis  of  Water  with  which  the  Soils  had  been  treaied  as  described. 

[ParU  per  100,000.] 


Fbsb  AmioviA. 

ALBUMINOID   Am- 
MOWIA. 

OXTOBV  COVSUMBD. 

COLOB. 

After 

After 

After 

After 

Afttr 

After 

After 

After 

1 

8 

1 

S 

1 

8 

1 

8 

1 

Days. 

Week. 

Days. 

Week. 

Dayi. 

Week. 

Days. 

Week. 

Oa,       .       .       . 

0.0006 

0.0024 

0.0580 

0.1486 

1.8880 

2.1840 

1.16 

1.60 

06,       .        .        . 

0.0066 

0.0008 

0.0254 

0.0228 

0.3003 

0.4868 

0.16 

0.25 

Oc,        .        .        . 

0.0040 

0.0072 

0.0188 

0.0180 

0.1170 

0.1826 

0.04 

0.10 

Od,        .        .        . 

0.0016 

0.0048 

0.0066 

0.0078 

0.0420 

0.0702 

0.00 

0.00 

•#,... 

0.0006 

0.0104 

0.0066 

0.0072 

0.0156 

0.0685 

0.00 

0.00 

»/.         ... 

0.0048 

0.0016 

0.0050 

0.0052 

0.0105 

0.0624 

0.00 

0.00 
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Series  10. 

From  Land  recently  cleared  of  Good-sized  Timber  and  never  cuUivaied,  about 
Midway  between  Boylston  and  South  Clinton,  South  Side  of  Valley,  Samples 
taken  from  Surface  to  Two  Feet  Six  Inches  below.    Dried  at  100^  C. 


Moisture. 


Lou  on 
Ignition. 

CPerCent.),(p,,cent) 


Hydrofftn. 
(Ptr  Cent.) 


Carbon. 
(Percent) 


Mttro^en. 
(Percent.) 


Rado. 

e 
n 


10a.    Surface  to  2  In.  below, 
106.    2  in.  to  4  In.  below, 
lOo.    4  in.  to  7  In.  below, 

Kin.  to  12  In.  below, 
2  in.  to  17  in.  below, 
ft.  6  in.  below,     . 


62.87 

26.65 

54.26 

10.68 

44.28 

11.12 

32.21 

8.40 

29.57 

2.85 

17.60 

0.52 

1.02 
1.16 
0.68 
0.34 
0.28 
0.05 


18.07 

0.04 

10.47 

0.58 

6.66 

0.82 

1.64 

0.20 

0.85 

0.31 

0.04 

0.11 

19.22 

18.02 

17.69 

7.70 

2.74 

0.86 


Sanitary  Analysis  of  Water  with  which  the  Soils  had  been  treated  as  described. 

[ParU  per  100,000.] 


FasB  Ammoxia. 

Albcmikoid  Am- 

MOKIA. 

OXTOBV  COXaCMBD. 

CULOE. 

After 

After 

After 

After 

Alter 

After 

After 

After 

8 

1 

8 

1 

8 

1 

8 

1 

Days. 

Week. 

Dayi. 

Week. 

I>ajt. 

Week. 

Dayt. 

Week. 

10a.     . 

0.0560 

0.0384 

0.0002 

0.1420 

4.0660 

6.8180 

- 

7.50 

106,     . 

0.0232 

0.0224 

0.0382 

0.0820 

0.8070 

1.0267 

0.80 

4.60 

10c,      ..        . 

0.0064 

0.0032 

0.0264 

0.0206 

0.6144 

0.6612 

0.80 

1.00 

10^.     . 

0.0056 

0.0024 

0.0240 

0.0264 

0.2U0 

0.6448 

0.80 

1.20 

lo^    .      .      . 

0.0056 

0.0072 

t 

0.0738 

0.0486 

0.16S4 

1.8280 

0.06 

1.00 

10/,     .       .       . 

0.0006 

0.0024    1 

0.0074 

0.0066 

0.0864 

0.1006 

0.08 

0.12 

1 

EXPERIMENTS 


UPON  THB 


Purification  of  Sewage  and  Water 


AT  THB 


LAWRENCE  EXPERIMENT  STATION, 


During  thb  Year  1893. 


[890] 


EXPERIMENTS  UPON  THE  PUEIFICATION  OF  SEWAGE  AND 
WATER  AT  THE  LAWRENCE  EXPERIMENT  STATION.* 


Bj  George  W.  Fuller,  Biologist  in  Charge. 


The  year  1893  is  the  sixth  that  the  experimental  work  of  the  Law- 
rence Experiment  Station  has  been  continued.  The  work  is  carried 
on  under  the  general  supervision  of  Hiram  F.  Mills,  A.M.,  C.E.,  a 
member  of  the  State  Board  of  Health.  Mr.  Allen  Hazen,  chemist, 
was  in  direct  charge  of  the  station  until  March  1, 1893,  when  he  was 
given  a  leave  of  absence  and  accepted  the  position  of  chemist  to  the 
Department  of  Water  Supply  and  Sewerage  of  the  World's  Columbian 
Exposition.  The  writer,  who  had  previously  been  in  charge  of  the 
biological  department,  succeeded  Mr.  Hazen  in  charge  of  the  station. 
Mr.  Harry  W.  Clark  is  chemist,  and  Mr.  F.  L.  Fales  has  compiled 
the  records  and  prepared  the  tables  showing  the  results  of  the  work. 
Messrs.  W.  R.  Copeland  and  Liouis  Weinberg  are  assistant  biologists 
and  Mr.  F.  B.  Forbes  is  assistant  chemist.  Professors  T.  M.  Drown 
and  W.  T.  Sedgwick  of  the  Massachusetts  Institute  of  Technology 
are,  respectively,  consulting  chemist  and  biologist,  having  a  general 
oversight  of  the  chemical  and  biological  investigations. 

The  year  has  been  an  important  one  in  the  history  of  the  expert- 
mental  sewage  filters,  in  that  the  results  of  earlier  investigations 
have  been  confirmed  and  additional  knowledge  has  been  obtained  as 
to  the  management  necessary  to  maintain  the  continuous  efficiency 
of  such  filters. 

The  process  of  purification  of  sewage  by  intermittent  filtration 
consists  of  intermingling  the  sewage  in  the  pores  of  the  filtering 
material  with  sufficient  air,  for  a  sufficient  time,  in  the  presence  of 
micro-organisms  which  quickly  establish  themselves  there. 

*  A  fall  aooonnt  of  ttie  work  done  at  the  Lawrence  Experiment  Station  for  the  yean  1888  and 
1889  is  eontalned  in  a  Special  Report  of  the  State  Board  of  Health  npon  the  Purification  of  Sew- 
age and  Water,  1890.  A  limilar  acooant  for  the  years  1890  and  1891  is  contained  in  the  Twenty- 
thtfd  Annual  Report  of  the  Board  for  the  year  1891,  and  fbr  the  year  1892  in  the  Twenty-fonrth 
Annnal  Report  of  the  Board  for  that  year. 
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Sewage  filters  resemble  complex  living  organisms,  in  that  venti- 
lation and  respiration  must  be  maintained,  otherwise  their  functions 
are  interrupted  and  their  lives  as  filters  come  to  an  end. 

When  sewage  passes  through  a  filter  a  portion  of  the  insoluble 
matter  or  sludge  is  deposited  upon  or  near  the  surface.  The  result, 
eventually,  unless  preventive  measures  are  adopted,  is  a  clogging  at 
the  surface,  which,  owing  to  interrupted  ventilation,  causes  a  deteri- 
oration in  the  quality  of  the  effluent,  and  subsequently,  owing  to  the 
increased  capillary  attraction  and  frictional  resistance  to  the  passage 
of  sewage,  a  reduction  in  the  quantitative  efficiency  of  the  filter. 
The  amount  of  sludge  in  sewage  varies,  but,  unless  care  is  taken, 
any  sewage  will  in  time  clog  any  ordinary  filter.  In  the  Annual 
Report  of  the  Board  for  1892  it  was  stated  that  when  other  conditions 
are  the  same,  the  clogging  is  proportional  to  the  sludge  carried  in 
the  applied  sewage.  It  is  of  importance  therefore  to  consider  not 
only  the  filtering  materials  but  also  the  applied  sewage  in  order  to 
learn  its  average  strength  and  the  limits  in  strength  between  which 
it  varies. 

CnARACTER   or   THE    SeWAGE. 

The  sewage  used  at  the  Experiment  Station  is  pumped  through  a 
two  and  one-half  inch  pipe,  4,300  feet  long,  from  a  sewer  which 
drains  the  streets,  houses  and  stores  of  the  most  densely  populated 
sections  of  the  city  of  Lawrence. 

Samples  of  Sewage  for  Analysis. 

Samples  of  sewage  have  been  regularly  collected  for  analysis  as 
follows :  — 

1.  Regular  Sewage.  On  at  least  four  days  in  a  week  a  gallon 
bottle  has  been  filled  from  a  large  tank  of  sewage.  While  the 
sample  was  intended  to  be  as  far  as  possible  a  representative  one,  it 
necessarily  represented  accurately  only  a  small  fraction  of  the  total 
amount  of  sewage  used ;  and  there  is  also  considerable  difficulty  in 
mixing  several  hundred  gallons  of  sewage  so  as  to  get  a  sample  with 
its  proper  share  of  suspended  matter. 

2.  Average  Sewage.  On  one  day  each  week  (Tuesday) ,  a  sample 
has  been  taken  by  collecting  directly  from  the  pump  (without  allow- 
ing any  opportunity  for  sedimentation) ,  quantities  of  sewage  proper- 
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tional  to  the  amount  of  each  lot  of  sewage  pumped  during  the  day. 
The  average  results  from  numerous  samples  collected  in  this  manner 
give  satisfactorily  the  average  composition  of  all  sewage  applied  to 
the  filters. 

3.  Seioagefor  Filters  Nos.  7,  6  and  9 A.  In  order  to  learn  the 
variations  in  strength  of  sewage  at  different  times  of  the  day  and  to 
obtain  more  accurate  data  upon  the  storage  of  organic  matter  in  the 
filters  there  have  been  collected  weekly  three  mixed  samples  repre- 
senting each  dose  applied  during  the  week  to  Filters  Nos.  1,  6  and 
9A,  respectively.  In  order  to  keep  the  samples  for  one  week  without 
putrefaction  and  decomposition,  a  small  amount  of  mercuric  acetate 
was  placed  in  the  bottle. 

Monthly  Averages  of  Analyses  of  Regular  Sewage  Samples. 

[Parts  per  100,000.] 


• 

1 

i 

r 

Albuminoid  Ammonia. 

• 

1 

i 

U    1 

c  3  S 

MONTH -189S. 

> 

• 

1 

• 

a 

JaDoary, 

2.44 

.83 

.41 

.42 

8.22 

4.98 

3.0 

1,104,000 

Ftbraary, 

S.41 

.68 

.87 

.31 

6.03 

4.33 

2.4 

086,000 

Mareh, 

S.02 

.04 

.84 

.30 

6.06 

4.16 

8.8 

907,000 

April,  . 

2.42 

.83 

.35 

.48 

6.67 

4.16 

1.7 

1,109,000 

May,    .        . 

2.28 

.61 

.30 

.21 

6.68 

2.82 

S.6 

766,000 

Jane,  . 

2.54 

.63 

.28 

.26 

11.37 

2.63 

- 

774,000 

July,    . 

8.02 

.63 

.32 

.81 

8.71 

2.72 

- 

864,000 

Aaguat, 

2.82 

.45 

.22 

.28 

10.66 

2.63 

- 

965,000 

September, 

2.76 

.47 

.22 

.26 

0.02 

2.44 

- 

686.000 

October, 

8.07 

.61 

.26 

.86 

10.72 

2.92 

- 

1,126,000 

November,  < 

8.28 

.71 

.29 

.42 

10.70 

4.29 

- 

1,000,000 

December,  . 

8.16 

.70 

.38 

.87 

6.20 

3.61 

- 

861,000 

Average 

•>     • 

2.68 

.63 

.31 

.32 

8.67 

3.46 

- 

923,000 

^  In  all  of  the  Lawrence  analysea  the  oxygen  conaumed  baa  been  determined  after  boiling  two 
mloutea. 


The  above  analyses  represent  four  samples  each  week  taken  from 
one  of  the  sewage  tanks,  usually  in  the  morning,  and  the  results  are 
directly  comparable  with  the  analyses  published  for  previous  years. 
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t  oj  AwAyte*  of  Average  Sewage  Samplet. 
[Pmru  |HT  im.ooo.] 
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1 

1 



Hons— 18M. 

1 

1 
1 

1 

1 

JuiuiT,  . 
PabnuiT. 

1.11 

3.W 

I.U 

.79 

!to 

.« 

.<3 

!u 
.'u 

M 

ST 
U 

n 
u 

4S 

41 

.41 

1 

in 

:!! 

8.N 

I'w 

ft.M 
S.3S 
1I.» 
B.M 
7.M 

s!m 

I.JS 

*M 

a.ii 

t.M 

s.m 

4T1 
1.0 

AT«.8M, 

1.01 

.T4 

.M 

.» 

T.l» 

i.a 

- 

The  above  analyses  represent  average  samples  of  all  tbe  sewage 
pamped  duriog  the  day  for  each  Tuesday  of  the  year. 

Monthly  Averages  of  Mixed  Samplet,  representing  alt  of  the  Sewage  applied  lo 
FiUen  Not.  1, 6  and  9  A. 


(P«tMp«CIW»0.] 

,«.A->,o«., 

'is.",r 

cS".™!.. 
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P11& 

nona-tan. 
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1 

■ 
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i 
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1 
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1 

i 
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i 

itar. 

St 

Movomber 

V*»alMt 

•1 
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It 
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\ 

i 
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1 

» 

!i 

as 

.4a 

.81 

:t7 

51 

7» 

S 

'i 

M 

3 

.4« 

is 

II 

il 

il 

4.3r 

4.H 

1 

a 

1 

I 

1 
5:1 

4.«« 

«:i4 

10.03 

!;» 

«.;s 

T.70 

S:iS 
11 

,1 

IT 
04 

17 

n 

4.* 

1.0 
1.1 
t.« 

4.4 
1.4 
1.7 
».• 

all 

!:! 

Ar*m 

t«.  . 

1.76 

*.w 

S.M 

.U 

.))|     .« 

i.« 

1.11  1  I..1 

'- 

4.1 

With  regard  to  the  comparison  of  the  results  with  eadi  other  it  is 
to  be  meutiooed  that  the  sewage  for  Filter  No.  1  was  all  pumped 
late  in  the  afternoon  during  the  cold  months,  December  to  April, 
inclusive ;  in  May  and  June  it  was  pumped  early  in  the  momiDg, 
uid  during  the  rest  of  the  year  part  in  the  early  morning  and  the 
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remainder  in  the  afternoon.  Sewage  for  Filter  No.  6  was  regularly 
pumped  in  the  middle  of  the  day.  In  the  case  of  Filter  No.  9  A 
the  sewage  was  pumped  late  in  the  afternoon  during  the  cold  months, 
December  to  April,  inclusive,  and  early  in  the  morning  during  the 
remainder  of  the  year.  The  results  are  comparable  with  corre- 
sponding results  obtained  in  1892. 


Monthly  Averciges  of  Supernatant  Liquid  from  Sewage  settled  vHlh  Alum  for 

Fitters  Nos,  19  and  32. 

[Parte  per  100,000.] 


i 

r 

Albdmixoid  Ammovia. 

1 

i 

i 

Bacteria   per 
Cable  Genu- 
meter. 

MONTH— 189S. 

s 

i 

a 

JaDuary,*   . 

S.16 

.88 

.27 

.11 

6.40 

2.70 

- 

260,000 

Febmary,  . 

LOT 

.26 

.10 

.07 

6.60 

2.72 

.2 

77,600 

March,        .       . 

1.01 

.28 

.21 

.07 

6.48 

2.82 

.7 

81,000 

April,  . 

2.24 

.27 

.22 

.06 

6.67 

1.88 

.6 

20,000 

May,    .       . 

2.20 

.28 

.18 

.10 

6.99 

1.62 

1.8 

63,000 

June,  . 

2.84 

.82 

.20 

.12 

9.86 

1.62 

- 

460,000 

July,   . 

3.27 

.34 

.28 

.11 

7.66 

1.60 

1.6 

230,000 

Aagutt,      . 

2.48 

.24 

.17 

.07 

7.78 

1.36 

.8 

60,000 

September, 

2.80 

.27 

.20 

.07 

11.73 

1.60 

1.1 

68,000 

October, 

2.04 

.27 

.18 

.00 

6.98 

1.47 

8.8 

816,000 

November, . 

8.04 

.82 

.24 

.08 

18.72 

2.06 

1.7 

37,000 

I>ecember,  • 

8.29 

.84 

.24 

.10 

6.74 

1.92 

.9 

187,000 

Averagee,     . 

2.64 

.80 

.21 

.00 

8.10 

1.88 

1.2 

146,000 

*  The  lewage  waa  not  treated  in  thie  maimer  Janoary  1  to  20;  the  retalta  for  thia  month  gtven  in 
the  table  repreeent  the  analyeee  of  January  21  to  81. 

The  above  analyses  represent  the  supernatant  liquid  after  the 
sewage  represented  by  the  regular  samples  had  been  treated  with 
alum,  in  the  proportion  of  1,000  pounds  of  alum  to  1,000,000 
gallons  of  sewage,  and  allowed  to  settle  for  four  hours.  These 
results  show  that  52.4  per  cent,  of  the  total  albuminoid  ammonia 
and  84.3  per  cent,  of  the  bacteria  were  removed.  The  high  numbers 
of  bacteria  in  June  and  July  appeared  to  be  due  to  a  growth  of  bac- 
teria on  the  sides  of  the  barrels  where  some  organic  matter  had 
accumulated.  The  removal  of  this  organic  matter  from  time  to  time 
caused  the  number  of  bacteria  in  the  supernatant  liquid  to  become 
normal. 
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MotUhly  Averages  of  Supernatant  Liquid  from  Settled  Sewage  for  Filler  No.  13  A. 

[PkrU  par  100,000.] 


Free 

Ammonia. 

.Vlbomivoid  Ammovia. 

• 

o 
g 

• 

S 

U 

MONTH  —  189S. 

i 

• 

St 

October 

I<Iovember, 

December 

2.70 
3.13 
8.25    ' 

.43 
.00 
.60 

.26 
.32 
.80 

.18 
.28 
.30 

6.22 

18.78 

5.98 

2.82 
3.64 
8.12 

2.99 

8U.00O 
896.000 
856.000 

Averagea, 

8.03 

.64 

.29 

.26 

10.31 

866.000 

The  analyses  above  represent  the  supernatant  liquid  after  the 
sewage  represented  by  the  regular  sample  had  been  allowed  to  settle 
for  four  hours.  These  results,  when  compared  with  those  of  the 
regular  samples  of  sewage,  taken  on  the  same  days,  show  a  removal 
of  18.2  per  cent,  of  the  total  albuminoid  ammonia  and  12.0  per 
cent,  of  the  bacteria  by  sedimentation. 

Comparison  of  the  Strength  of  the  Sewage. 

Bringing  together  for  comparison  the  average  results  of  the 
several  series  of  sewage  samples,  we  have :  — 

[ParU  per  100,000.] 


Free 
Ammotiia. 


Regular,     . 
Average,     . 
For  Filler  N"o.  I, 
For  Filter  No.  6, 
For  Filter  No.  9A, 


2.68 
8.07 
2.75 
8.04 
2.88 


Albuxikoid  Ammovia. 


Total. 


Soluble. 


Insoluble. 


.63 
.74 
.68 
.72 
.60 


.81 

.86 

.81* 

.81« 

.81* 


.82 
.88 
.87 
.41 
.88 


Chlorina. 


OzTfen 

Cao. 

■omed. 


8.57 
7.15 
7.81 
7.47 
7.89 


8.46 
8.63 

s.ei 

4.49 
3.62 


*  Estimated  aa  equal  to  tMal  in  the  regular  aample. 

It  will  be  seen  that  the  average  sewage  for  the  day  was  the  most 
concentrated,  although  only  a  little  stronger  than  the  sewage  applied 
to  Filters  Nos.  1,  6  and  9 A.  The  regular  sewage  was  the  most 
dilute  of  all,  as  was  the  case  in  1892. 

Investigations  are  under  way  to  show  the  relation  of  the  strength 
of  the  sewage  as  drawn  at  the  Experiment  StatioH  to  that  of  the 
original  sewage  in  the  Lawrence  Street  sewer.  The  results  of  two 
such  series  of  analyses  are  given  in  the  table  below.  On  Jmnuary 
16  and  17,  1894,  when  the  first  series  was  collected,  the  wetther  was 
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clear  and  cold,  and  probably  very  little  surface  water  entered  the 
eewer.  The  secoDd  series  was  taken  during  a  storm.  The  amount 
of  precipitation  (rain  and  melted  snow)  was  1.47  inches,  the  greater 
part  of  which  was  snow  ;  considerable  rain  fell  during  the  night  of 
January  30,  however,  and  found  its  way  to  the  sewer.  In  the  second 
series  estimates  of  the  quantity  of  sewage  flowing  in  the  sewer  were 
made  from  observations  of  the  depth  of  sewage  in  the  sewer. 

BesuUs  of  AnrUyses  of  Sourly  SampUs  of  Sewage  from  the  Lauirenee  Street 


[P«rUp»t  100.000.] 
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««.l»0 
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From  the  data  obtained  in  the  second  series  there  was  calculated 
a  representative  analysis  of  all  the  sewage  which  passed  through 
the  sewer  during  this  period  of  twenty-four  hours.  In  the  follow- 
ing table  this  representative  analysis  of  all  the  sewage  flowing  for 
twenty-four  hours  in  the  sewer  is  compared  with  the  average  analysis 
of  all  the  sewage  pumped  at  the  Experiment  Station  during  this 
period  (7  a.m.  to  5  p.m.  January  31). 

[Parts  per  lOO.OOO.] 


Free 

AmmonUL 

ALBDimOID  AMMOVIA. 

ChlorlM. 

Ozmn 
Coo- 
•omed. 

Javuait  so  akd  81,  ISM. 

Total. 

Solubto. 

Intoloble. 

L«wr«noe  Straet  Mwer,   . 
Bxp«rlmeot  ■tatlon, . 

1.40 
2.70 

.64 

.78 

.86 
.48 

.18 
.24 

6.60 
6.72 

2.87 
6.50 

-• 

These  results  indicate  that  the  average  sewage  applied  to  the  ex- 
perimental filters  during  this  period  was  considerably  stronger  than 
the  average  original  sewage  flowing  in  the  sewer.  Whether  or  not 
the  difference  is  always  so  marked  will  require  further  experiments 
to  determine.  It  is  instructive  to  compare  the  analyses  of  the  sew- 
age in  the  two  series,  and  also  the  variations  at  different  times 
during  the  day  in  each  series. 

It  has  been  found  that  the  sewage  in  the  Lawrence  Street  sewer 
contains  considerable  dissolved  oxygen ,  while  the  sewage  as  pumped 
at  the  Station  contains  none.  Experiments  are  in  progress  to 
compare  the  results  of  purification  by  filtration  of  fresh  sewage 
from  the  Lawrence  Street  sewer  and  of  sewage  as  pumped  at  the 
Station,  both  with  and  without  aeration. 

Since  clogging  and  consequent  interference  with  ventilation  are  the 
chief  factors  to  be  considered  in  studying  the  continuous  efficiency 
of  filters,  it  is  of  importance  to  know  the  strength  of  the  sewage 
which  has  been  treated  and  the  amount  of  sludge  which  it  contained. 
In  the  table  below  are  given  averages  of  analyses  for  the  year  1893 
of  the  sewage  applied  to  the  experimental  filters  at  Lawrence,  and  of 
that  of  the  cities  and  towns  in  Massachusetts  which  purify  their 
sewage  by  intermittent  filtration. 
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Average  of  Analyses  of  the  Sewage  applied  to  the  ExperimenicU  Filters  <U  Law^ 
rence^  and  of  thai  applied  to  the  Filters  used  by  certain  Cities  and  Towns, 

[Parte  p«r  100,000.] 


Sewaqb. 


Free 

AmmonU. 


Lawrence, . 
FramlDgtaam, 
Marlborough,     • 
Gardner,    . 
Weetborongh,*  . 


•       •       •       • 


•       • 


S.07 
1.88 
2.08 
1.80 
1.07 


Albdmimoid  AMXOmA. 


Total. 


Solable. 


Insoluble. 


.74 
.88 
.02 
.45 
.10 


.88 
.10 
.88 
.21 
.05 


.86 
.10 
.24 
.24 
.14 


Chlorine. 


Oxygen 

Con- 

■amed. 


7.16 
4.03 
7.35 
8.11 
2.27 


8.63 
6.14 
6.29 
8.04 
2.72 


*  Two  aamplee  from  Weetborongh  were  analyzed ;  the  other  reenltt  (except  Lawrence)  are  averagee 
of  eeml-monthly  analyaee. 

This  table  shows  that  the  sewage  applied  to  the  experimental 
filters  contains  more  sludge  than  the  sewage  of  the  other  places, 
and  consequently  the  experimental  filters  require  more  attention  to 
prevent  clogging  than  do  the  several  large  filters  in  actual  service 
which  receive  more  dilute  sewage. 

Average  Purification  op  Sewage  by  the  Several  Filters 

IN  1893. 

In  the  table  below  are  given  the  average  percentages  of  removal 
of  organic  matter  (albuminoid  ammonia)  and  of  bacteria  by  the 
several  filters  to  which  ordinary  sewage  was  applied.  For  the  con- 
struction and  details  of  operation  and  results  see  pages  429-452. 

Average  Per  Cent,  of  Albuminoid  Ammonia  and  of  Bacteria  removed  from 
Sewage  by  the  Several  Filters^  with  Average  Rates  of  Filtration,  1893, 


KUMBSB 

or 

FlLTU. 


1,  . 

2.  . 
8A, 

4.  . 
5  A, 

^  . 

T,  . 
•  A, 


ATerage 

Rate  of 

Filtration. 

(Gallons  per 

Acre  Dally 

for  8tz  ]>ays 

tn  a  Week.) 


Percent 

of 

Albamlnold 

Ammonia 

Hemored. 


Percent. 

of  Baeteria 

KemoTe(L 


106,000 

86 

40,600 

07 

66,300 

01 

82,300 

06 

119,000 

82 

73,800 

01 

82,000 

92 

111,700 

92 

80 

90.8 

90.9 

99.9 

77 

99 

99.8 

99 


Number 

OF 
FlLTll. 


Average 

Kate  of 

Filtration. 

(Oallon*  per 

Acre  Dally 

for  Six  Days 

iu  a  Week.) 


Per  Cent. 

of 

Albamlnold 

Ammonia 

Removed. 


Per  Cent. 

of  Bacterid 

Removed. 


11  A, 

68,900 

80 

13. 

164,100 

91 

14,   . 

174,000 

96 

16  B,  . 

404,700 

77 

16  B,  . 

416,200 

76 

17  A,  . 

68,600 

96 

80,   . 

66,100 

90 

81,   . 

65,100 

96 

96 

96 

96 

77 

81 

90.9 

97 

99.9 
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These  results  show  that  with  most  of  the  filters  the  removal  of 
organic  mutter  was  over  90  per  cent.,  while  five  of  them  removed 
95  per  cent,  or  more.  It  is  to  be  stated,  however,  that  both  the 
quantitative  and  qualitative  efiiciency  were  in  many  cases  below  the 
normal  during  the  early  part  of  the  year.  This  was  owing  to  the 
fact  that  for  some  time  previous  the  filters  had  been  operated  in  a 
manner  believed  to  be  unlikely  to  produce  the  best  results,  but  tried 
for  the  sake  of  learning  the  effect  of  certain  methods  of  operation. 
The  methods  of  treatment  by  which  the  filters  resumed  their  former 
ability  to  purify  sewage  are  described  and  discussed  on  pages  412- 
421. 

Permanency  or  Sewage  Filters. 

In  studying  the  subject  of  purification  of  sewage  by  filtration  a 
matter  of  vital  importance  is  the  question  of  the  permanency  of  filters. 
It  is  well  known  that  with  filters  of  suitable  material  sewage  may 
he  purified  at  a  rate  of  more  than  100,000  gallons  per  acre  daily, 
with  a  removal  of  over  90  per  cent,  of  the  organic  matter.  It  is 
4ilso  known  that  some  of  the  organic  matter  of  the  sewage  is  stored 
4it  and  near  the  surface  of  the  filter,  and  that  under  some  circum- 
stances there  is  a  certain  amount  of  storage  for  some  distance  below 
the  surface.  It  has  been  learned  that  in  the  case  of  filters  which  have 
regularly  filtered  sewage  at  a  comparatively  high  rate  it  is  eventually 
necessary  to  spade  up  the  surface  in  a  manner  corresponding  to  plough- 
ing, and  later  to  remove  the  clogged  surface  layers  and  replace  them 
with  fresh  material.  We  shall  consider  the  treatment  of  the  upper 
layers  of  a  sewage  filter,  say  the  upper  six  inches,  under  the  heading 
of  management  of  filters  necessary  for  their  successful  operation,  and 
regard  the  permanency  of  the  filters  as  the  ability  of  the  main  body 
of  the  sand,  below  the  upper  six  inches,  under  proper  treatment,  to 
purify  sewage  for  an  indefinite  time. 

In  the  Annual  Report  for  1891  it  was  shown  that  the  storage  of 
organic  matter  in  the  filters  at  that  time  was  steadily  increasing. 
This  conclusion  was  drawn  from  repeated  determinations  of  nitrogen 
stored  in  the  sand.  During  the  past  two  years  numerous  examinations 
have  been  made,  but,  owing  to  the  unequal  distribution  of  sew^e 
through  the  material  caused  by  trenching  and  in  other  ways,  it  was 
found  to  be  practically  impossible  to  obtain  results  which  represent 
correctly  the  entire  filter.  Accordingly  the  calculations  of  the  qoan- 
tities  of  organic  matter  stored  within  the  filter  have  been  made  after 
another  method  in  1893.    The  results  of  repeated  detennioationa  of 
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nitrogen  stored  in  the  sand  during  tiie  earlier  yeara  of  the  experiments 
indicated  that  30  per  cent,  of  the  applied  nitrogen  was  not  to  be  found 
either  in  the  sand  or  in  the  effluent.  It  probably  disappeared  in  the 
atmosphere ;  possibly  as  nitrogen  gas.  To  the  nitrogen  found  in  the 
average  analyses  of  representative  samples  of  each  effluent  has  been 
added  30  per  cent,  of  the  amount  in  each  case,  and  the  difference 
between  this  corrected  quantity  in  the  effluent  and  the  quantity  of 
nitrogen  in  the  applied  sewage  has  been  taken  to  represent  the 
amount  of  nitrogen  stored  in  the  filters.  In  the  table  below  are 
given  the  percentages  which  the  nitrogen  in  the  effluents,  calculated 
as  described  above  from  the  averages  of  representative  analyses, 
formed  of  the  nitrogen  in  the  applied  sewage,  by  months.  The  sign 
minus,  of  course,  indicates  a  removal  of  stored  nitrogen. 
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Summary  and  Conclusions. 

1.  It  will  be  seen  that  the  only  filters  in  which  there  was  a  con- 
tinued storage  of  nitrogen  were  Nos.  4, 15  B  and  1 6  B.  These  filters 
represent  the  extreme  limits  in  the  size  of  materials  and  the  results  are 
explained  by  the  fact  that  there  was  an  insuflScient  amount  of  air  for 
the  complete  oxidation  and  nitrification  of  the  applied  sewage. 
From  this  it  follows  that  the  permanency  of  sewage  filters  is  indepen- 
dent of  the  size  of  material,  but  is  directly  dependent  upon  the  treat- 
ment which  they  receive. 

2.  The  removal  of  large  amounts  of  stored  organic  matter  in  the 
spring  and  early  summer  months,  under  favorable  conditions,  is  one 
of  the  most  marked  characteristics  of  sewage  purification  by  inter- 
mittent filtration. 

3.  It  will  be  noticed  that  in  several  cases  the  storage  of  nitrogen 
during  the  winter  months  was  very  slight,  while  in  some  instances 
there  was  a  removal.  This  is  not  apparent  from  the  degree  of  puri- 
fication of  the  corresponding  effluents,  in  which  the  free  ammonia  was 
very  high,  and  this  seeming  discrepancy  is  explained  by  the  fact  that 
while  freezing  winter  weather  interferes  with  nitrification  it  does  not 
seriously  afiectthe  oxidation  of  carbonaceous  matter  to  free  ammonia. 

4.  The  average  results  from  all  the  filters,  some  of  which  have 
been  in  operation  regularly  for  six  years,  indicate  that  there  was 
practically  no  more  nitrogen  stored  in  the  filters  at  the  end  than  at 
the  beginning  of  the  year.  From  this  it  appears  that,  with  the  main 
body  of  the  sand  the  same,  sewage  filters  may  continue  to  purify 
sewage  for  an  indefioite  time  provided  they  receive  proper  treatment 
to  insure  sufficient  ventilation  for  the  oxidation  and  nitrification  of 
the  applied  sewage. 

jManagement  of  Filters  to  Secure  Continuous  EmciENcr. 

An  outline  of  the  results  obtained  by  difierent  methods  for  the 
conservation  of  the  efficiency  of  sewage  filters  is  as  follows :  — 

Systematic  Raking  followed  by  Scraping. 

In  1890  it  was  learned  that  the  interruption  of  the  yentilation  of 
a  filter,  owing  to  clogging  by  the  stored  organic  matter  of  the  aladge 
at  the  surface,  was  prevented,  to  a  great  extent,  by  a  systemmtic 
weekly  raking  to  a  depth  of  about  one  inch.    EreDtaally  the  atonge 
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of  sludge  in  the  material  disturbed  by  the  weekly  raking  is  so  great 
that  ventilation  is  no  longer  afforded  by  this  means.  It  is  then 
necessary,  in  order  to  insure  the  continued  efficiency  of  the  filter, 
to  present  cleaner  material  at  the  surface ;  and  one  of  the  ways  by 
which  this  may  be  accomplished  is  by  removing  the  clogged  material 
by  scraping  and  replacing  it  with  fresh  material.  (See  page  420 
with  regard  to  the  addition  of  new  material.) 

Filter  No,  1. — This  filter  is  one  two-hundredths  of  an  acre  in 
area  and  contains  63  inches  in  depth  of  sand  of  an  effective  size  *  of 
0.48  millimeter.  On  June  2,  1892,  there  were  removed  from  the 
surface  5  inches  of  clogged  material  which  had  been  more  or  less 
disturbed  and  mixed  together  by  trenching.  This  was  four  years 
and  five  months  after  the  filter  was  first  put  in  operation.  No  new 
material  was  added  at  this  time.  The  efficiency  of  the  filter  was 
satisfactory  during  the  following  months  until  freezing  weather  set  in. 
The  quality  of  the  effluent  improved  during  March  and  April,  but  the 
surface  soon  became  clogged  so  that  the  sewage  failed  to  disappear 
from  the  surface  in  twenty-four  hours.  On  May  5, 1893,  a  layer  of 
clogged  sand,  4  inches  in  depth,  was  removed  by  scraping  and  new 
material  added  to  restore  the  filter  to  its  original  depth  of  63  inches. 
The  total  depth  removed  in  the  five  years  and  four  months  up  to  this 
date  was  9  inches,  or  7.9  cubic  yards  per  million  gallons  of  sewage 
filtered.  The  4-inch  layer  removed  May  5,  1893,  was  equivalent  to 
15  cubic  yards  per  million  gallons  filtered  since  June  2, 1892.  Very 
good  results  followed  this  treatment.  The  rate  of  filtration  up  to 
July  10  was  120,000  gallons  per  acre  daily  for  six  days  in  a  week ; 
July  11  to  August  31,  60,000  gallons;  September  1  to  17,  80,000 
gallons;  September  18  to  December  22,  120,000  gallons;  and 
December  23  to  31,  60,000  gallons.  During  the  six  months,  May 
to  October,  inclusive,  the  average  removal  of  organic  matter 
(albuminoid  ammonia)  and  bacteria  from  the  applied  sewage  was 
93.2  and  95.5  per  cent.,  respectively,' while  the  nitrification  was  very 
high.  The  averages  of  the  analyses  of  the  effluent  showed  that  it 
contained  3.16  parts  per  100,000  of  nitrogen  as  nitrates,  which  indi- 
cates a  removal  of  some  of  the  organic  matter  stored  in  the  sand. 

Filter  No.  6. — This  filter  contains  44  inches  in  depth  of  mixed 
coarse  and  fine  sand  of  an  effective  size  of  0.35  millimeter.  The 
surface  has  been  raked  regularly  once  a  week  since  Jan.  1,  1891. 

*  The  '^elfectlYe  dae"  means  that  ten  per  cent,  by  weight  of  the  sand  grains  are  finer  than 
tiM  dUuneler  gtreiu 
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Od  March  29,  1892,  2  inches  of  clogged  material  wore  scraped  from 
the  surface  and  replaced  with  now  material.  The  filter  was  spaded 
over  in  layers  to  a  depth  of  2  feet  on  May  19,  1892,  to  break  up 
stratification.  The  surface  became  clogged  again  Sept.  25,  1893, 
when  2  inches  were  again  scraped  ofi^.  The  total  depth  of  4  inches 
removed  up  to  this  date  is  equivalent  to  5.8  cubic  yards  of  sand 
per  million  gallons  of  sewage  filtered ;  the  2  inches  removed  Sept. 
25,  1893,  are  equivalent  to  9.7  cubic  yards  per  million  gallons 
filtered  since  May  19,  1892.  During  this  latter  period  the  average 
removal  of  organic  matter  (albuminoid  ammonia)  and  bacteria  from 
the  applied  sewage  was  94.2  and  99.3  per  cent.,  resi>ectively. 
The  effluent  contained,  on  an  average,  2.83  parts  per  100,000  of 
nitrogen  as  nitrates.  The  average  rate  of  filtration  was  62,400  gal- 
lons per  acre  daily  for  six  days  in  a  week.  From  September  1  to 
December  21  the  rate  was  90,000  gallons,  and  from  December  22  to 
31,  50,000  gallons. 

Systematic  Scrajnny  when  Necessary^  without  Raking. 

Filter  No.  9  A. — This  filler  is  60  inches  in  depth  and  contains 
sand  of  an  efiective  size  of  0.17  millimeter.  The  upper  6  inches 
were  removed,  and  the  rest  of  the  material  taken  out  and  replaced 
dry  May  20,  1892,  in  order  to  break  up  stratification.  The  surface 
was  raked  weekly  until  July  20,  1892,  but  since  that  time  it  has  not 
been  raked,  but  was  scraped  whenever  the  surface  became  sufficiently 
clogged  to  prevent  the  passage  of  sewage  through  the  filter.  The 
filter  was  scra[)ed  eleven  times  from  May  20,  1892,  to  Nov.  16, 
1893,  and  on  the  latter  date  the  applied  sewage  failed  to  disappear 
just  after  scraping,  indici^ting  a  clogging  beneath  the  surface.  The 
filter  was  restored  to  its  original  depth  by  the  addition  of  new 
material  after  scraping  on  ^larch  14  and  Sept.  25,  1893.  The  total 
depth  removed  was  5.54  inches,  which  is  equivalent  to  13.8  cubic 
yards  per  million  gallons  of  sewage  filtered  during  the  |icriod.  The 
rate  of  filtration,  120,000  gallons  per  acre  daily,  for  aiz  days  in  a 
week,  is  very  high  for  tliis  material.  The  average  removal  of  organic 
matter  (albuminoid  ammonia)  and  bacteria  from  the  sewage  for  the 
entire  period  was  94.1  and  9^.3  per  cent,  respectively.  The  nitro- 
gen as  nitrates  averaged  2.03  parts  per  100,000  in  the  effluent. 

A  decided  objection  to  this  method  of  treatment  is  that  tbe  fre- 
quent interruption  in  ventilation  causea  a  temporary  decrease  in 
nitrification  and  an  increase  in  the  storage  of  organic  matter.    With 
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long  intervals  between  scrapings  this  would  not  be  serious ;  but,  as 
in  the  case  of  Filter  No.  9  A,  there  may  eventually  come  a  time 
when  the  scrapings  are  so  frequent  that  nitrification  does  not  get 
fully  re-established  before  clogging  occurs  again. 

It  was  necessary  to  scrape,  after  November  16,  4^  inches,  before 
the  sewage  would  disappear  readily.  As  the  removed  sand  did  not 
contain  sufficient  stored  organic  matter  to  explain  this  clogging,  its 
final  interpretation  must  be  postponed  until  something  is  known  of 
its  subsequent  history.  It  is  to  be  mentioned,  however,  that  com- 
pactness of  the  material  seemed  to  be  an  important  feature. 


Systematic  Scraping  at  Hegular  Intervahj  without  Raking. 

No  experiments  upon  this  point  have  been  made  as  yet  at  the 
Experiment  Station,  but  the  sewage  filters  at  Gardner  have  been 
treated  in  this  manner  for  more  than  two  years.  The  sand  in  these 
filters  has  an  effective  size  of  0.10  to  0.24  millimeter,  and  the  sewage 
is  applied  with  a  two-day  interval  of  rest  at  an  average  rate  of  about 
60,000  gallons  per  acre  daily.  About  one-eighth  inch  of  scum  and 
clogged  sand  is  removed  once  in  ten  days  to  two  weeks.  After 
scraping  off  the  stored  sludge  the  sand  is  raked  to  a  depth  of  1  to 
1^  inches  to  loosen  the  material.  This  treatment  appears  to  be  very 
satisfactory. 

Systematic  Raking  followed  by  Ploughing. 

Upon  the  application  of  sewage  to  filters  of  coarse  sand  the  sludge 
passes  deeper  into  the  material  than  in  the  case  of  filters  of  fine  sand  ; 
eventually  a  clogging  occurs  at  a  point  just  beneath  that  reached  in 
the  weekly  raking  (1  inch  deep) .  Under  these  circumstances  the  sur- 
faces have  been  spaded  over  in  a  manner  corresponding  to  ploughing. 

Filter  No.  3  A. —  This  filter  contains  30  inches  in  depth  of  coarse 
sand  above  30  inqhes  of  fine  sand.  The  effective  sizes  are  0.48  and 
0.08  millimeter,  respectively.  The  surface  was  spaded  over  6  inches 
deep  Oct.  19,  1892,  and,  with  the  aid  of  weekly  raking,  the  applied 
sewage  disappeared  promptly  until  August,  1893,  when  the  filter 
became  clogged  again.  The  surface  was  spaded  over  6  inches  deep 
August  14,  after  which  the  applied  dose  of  sewage,  equivalent  to 
60,000  gallons  per  acre  daily  for  six  days  in  a  week,  disappeared 
promptly,  and  the  quality  of  the  effluent  steadily  improved  up  to 
September  1,  when  the  experiment  was  discontinued. 
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Filter  No.  5  A. — This  filter  contaiDS  63  inches  in  depth  of  screened 
gravel  of  an  effective  size  of  1.40  millimeters.  Clogging  beneath  the 
surface  became  apparent  June  12,  1893,  and  was  relieved  by  raking 
2  inches  deep.  The  rate  of  filtration  was  120,000  gallons  per  acre 
daily  for  six  days  in  a  week.  Sub-surface  clogging  appeared  again 
September  15,  when  the  surface  was  spaded  over  6  inches  deep. 
On  October  30  the  rate  was  increased  to  160,000  gallons  per  acre, 
and  clogging  began  to  appear  again  the  first  of  December. 

Under  this  method  of  treatment  it  would  be  necessary,  if  a  high 
rate  of  filtration  were  maintained,  to  resort  eventually  to  scraping, 
as  was  the  case  with  Filter  No.  5  A  in  December. 


Trenching. 

Filter  No.  2. — This  filter  contains  60  inches  in  depth  of  very 
fine  sand  of  an  effective  size  of  0.08  millimeter.  In  the  winter  of 
1892-93  the  surface  of  the  filter  became  yeiy  badly  clogged,  and 
on  March  2  there  were  dug  two  circular  trenches,  each  one  foot 
wide  and  two  feet  deep,  one  and  a  half  and  five  feet,  respectively, 
from  the  edge  of  the  filter.  These  trenches  were  filled  to  within 
three  inches  of  the  top  with  sand  of  an  effective  size  of  0.19  milli- 
meter. The  prescribed  dose  of  40,000  gallons  per  acre  daily  for 
six  days  in  a  week  was  then  taken  without  difiSculty  and  the  quality 
of  the  effluent  steadily  improved.  On  September  1  the  dose  was 
increased  to  H0,000  gallons.  During  October  the  trenches  gradually 
showed  the  effect  of  clogging,  and  finally  were  unable  to  take  the 
prescribed  dose.  At  the  same  time  the  free  ammonia  in  the  efiluent 
began  to  increase.  On  October  30  the  upper  two  inches  of  sand 
in  the  trenches  were  removed  and  replaced  with  fresh  material. 
This  afforded  but  little  relief,  owing  to  a  clogging  further  down  in 
the  filter,  as  is  explained  beyond.  The  sand  removed  was  equivalent 
to  7.9  cubic  yards  per  milliou  gallons  of  sewage  filtered  since 
March  2,  1893,  and  contained  118  parts  per  100,000  of  albuminoid 
ammonia.  The  average  removal  of  organic  matter  (albuminoid 
ammonia)  and  bacteria  from  the  applied  sewage  during  this  time 
was  95.7  and  99.7  per  cent.,  respectively.  The  efiluent  contained 
on  an  average  2.86  parts  per  100,000  of  nitrogen  as  nitrates,  which 
indicates  a  removal  of  some  of  the  organic  matter  stored  in  the 
sand  during  the  winter  months.  The  average  rate  of  filtration  was 
43,000  gallons  per  acre  daily  for  six  days  in  a  week* 
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The  trenches  in  this  filter  probably  doubled  the  quantity  of  sew- 
age which  could  be  successfully  treated,  and  moreover  caused  a 
marked  improvement  in  the  quality  of  the  effluent. 


Construction  of  Trenches. 

When  coarse  sand  is  placed  in  trenches  dug  in  finer  sand  some  of 
the  sludge  of  the  applied  sewage  in  time  works  down  to  the  fine 
sand  at  the  junction,  where  the  gradually  increasing  storage  causes 
an  increase  in  the  capillary  attraction,  and  eventually  so  large  a  pro- 
portion of  the  space  between  the  sand  grains  is  constantly  filled  with 
water  that  the  ventilation  is  seriously  impaired  and  the  frictional 
resistance  is  so  great  that  both  the  qualitative  and  quantitative  effi- 
ciency of  the  filter  are  crippled. 

Filter  No.  2  became  clogged  in  this  manner,  and  on  Dec.  2, 
1893,  the  coarse  sand  was  removed  from  the  trenches  and  also  two 
and  a  half  inches  of  the  fine  sand  beneath  it.  After  raking  the  sides 
and  the  bottom  of  the  trenches,  a  layer  five  inches  in  depth  of 
thoroughly  mixed  coarse  and  fine  sand,  with  the  coarse  gradually 
decreasing  downward,  was  put  back,  with  a  view  to  preventing  the 
occurrence  of  any  sharply  dividing  line  in  the  difibrence  in  capillary 
attraction.  As  far  as  can  be  judged  at  the  time  of  writing  the  efibct 
upon  the  filter  was  very  beneficial.  In  the  case  of  deep  trenches, 
where  much  of  the  sewage  passes  through  the  sides,  it  would  prob- 
ably be  desirable  to  treat  the  sides  in  a  somewhat  similar  manner. 

Some  experiments  have  been  made,  showing  comparisons  of  the 
capillarity  and  other  physical  characteristics  of  coarse  and  fine  sand 
and  several  mixtures  of  the  two.  The  materials  (Nos.  1  and  2 
sands)  were  dried  and  thoroughly  mixed.  In  the  table  below  are 
given  the  mechanical  composition,  eflfective  size,  uniformity  coeffi- 
cient, per  cent,  of  open  space  and  specific  gravity,  as  well  as  the 
capillarity  in  each  case.  The  capillarity  was  determined  by  finding 
the  amount  of  water  held  in  the  pores  of  the  sand  after  draining 
twenty-four  hours,  and  it  is  instructive  to  note  that  the  mixtures  of 
one  part  coarse  and  three  parts  fine  and  equal  parts  of  coarse  and 
fine  held  more  water  than  the  fine  alone,  while  the  other  mixture  held 
only  a  little  less. 
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liesltng. 

Filter  iVb.  4. — This  filter  contains  60  inches  in  depth  of  fine 
river  silt  of  an  efi^ctive  size  of  0.04  millimeter  and  has  received 
sewage  since  June  24,  1889,  in  a  trench  of  coarse  mortar  sand. 
This  trench  covers  one-third  the  area  of  the  filter,  is  14  inches  deep, 
and  is  filled  to  within  3  inches  of  the  top  with  the  coarse  sand.  In 
the  winter  of  1892-93  the  trench  became  clogged  and  unable  to  take 
the  dose  of  40,000  gallons  per  acre  daily  for  six  days  in  a  week. 
On  March  6  the  upper  2  inches  of  sand  in  the  trench,  containing  75 
parts  per  100,000  of  albuminoid  ammonia,  were  removed.  This 
was  a  total  removal  of  3^  inches  since  June  24, 1889,  and  equivalent 
to  3.79  cubic  yards  per  million  gallons  ;  the  2  inches  removed  March 
6, 1893,  were  equivalent  to  9.3  cubic  yards  per  million  gallons  filtered 
since  May  9, 1892,  the  date  of  the  first  removal.  This  did  not  afibrd 
relief,  and  the  coarse  sand  was  taken  out  of  the  trench,  the  upper 
half  inch  of  the  fine  sand  beneath  it  was  removed  and  the  coarse 
sand  replaced.  Clogging  again  occurred  in  May,  and  a  new  trench 
was  constructed  June  2,  the  old  one  being  allowed  to  rest.  Analyses 
of  the  sand  showed  that  there  was  a  reduction  of  39  per  cent.,  from 
June  2  to  August  16,  of  the  albuminoid  ammonia  stored  in  the 
trench.  Another  analysis  on  October  30  showed  no  farther  reduc- 
tion, but  the  sewage  was  applied  to  the  original  trench  from  that 
date  throughout  the  year  without  difficulty.  The  rate  of  filtration 
since  June  2  has  been  30,000  gallons  per  acre  daily  for  six  days  in  a 
week.  The  average  removal  of  organic  matter  (albuminoid  ammonia) 
and  bacteria  from  the  applied  sewage.  May,  1892,  to  October,  1893, 
inclusive,  was  92  9  and  99.993  percent.,  respectively.  For  Novem- 
ber and  December,  1893,  these  figures  became  98.2  and  99.999, 
respectively.  The  nitrogen  as  nitrates  in  the  eflluent  averaged  1.09 
and  2.14  parts  per  100,000,  respectively,  during  the  two  periods. 

The  construction  of  double  trenches,  allowing  each  to  work  and 
rest  alternately,  in  periods,  is  of  much  practical  value ;  and,  more- 
over, the  removal  of  stored  organic  matter  by  simple  resting  indi- 
cates that  this  inexpensive  method  is  worthy  of  careful  consideration 
in  the  treatment  of  large  areas  of  clogged  filtering  material. 
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Addition  of  New  Material. 

For  some  time  it  has  been  known  that  the  passage  of  sewa^re 
through  sand  increases  the  amount  of  stored  organic  matter,  which 
forms  a  sticky  coating  around  the  sand  grains  and  thereby  increases 
the  capillary  attraction.  Accordingly,  when  new  material  with 
grains  of  the  same  size  and  original  composition  is  put  upon  old 
material  to  take  the  place  of  clogged  material  removed  by  scraping 
the  effect  is  similar  to  placing  coarse  sand  above  fine,  and  the  result 
is  a  clogging  at  the  junction.  This  was  found  to  be  the  case  in 
Filters  Nos.  1  and  6,  which  indicated  furthermore  that  the  finer  the 

■ 

material  and  the  nearer  the  junction  was  to  the  surface  the  quicker 
the  clogging  became  manifested.  To  remedy  this  the  filters  were 
spaded  over,  the  old  and  new  material  mixed  together,  so  as  to  break 
up  the  layer  at  the  dividing  line  between  the  materials  of  unlike 
capillary  attraction,  and  satisfactory  results  followed. 

The  Management  of  Sewage  Filters  with  Regard  to  Wintei'  Weather. 

The  purification  of  sewage  by  intermittent  filtration  is  ordinarily 
attended  with  more  diflSiculties  during  the  freezing  winter  weather 
than  during  the  remainder  of  the  year,  owing  to  an  apparent  diminu- 
tion in  the  activity  of  the  micro-organisms  in  the  presence  of  frost ; 
to  the  less  favorable  conditions  for  ventilation  because  freezing 
interferes  with  draining,  and  the  pores  of  the  sand  are  more  or  less 
filled  with  frost;  and  to  the  danger  of  the  sewage  freezing  to  the 
sand  before  it  disappears,  whereby  further  filtration  is  impossible 
until  a  thaw  comes.  It  is  therefore  of  the  utmost  importance  that 
the  treatment  of  the  filters  be  such  that  the  conditions  for  operation 
be  as  favorable  as  possible  during  the  winter. 

Most  of  the  experimental  filters  received  their  preparation  for  the 
winter  on  December  2,  and  on  the  following  day  severe  winter 
weather  began.  The  filters  showed  great  improvement  in  the  readi- 
ness with  which  they  took  the  applied  sewage,  but  the  improvement 
in  the  quality  of  the  effluent  was  far  less  than  would  have  been  the 
case  in  warmer  weather.  This  indicates  that  the  filters  should  be 
prepared  for  the  winter  sufficiently  early  to  be  in  their  best  condition 
in  every  way  when  freezing  weather  begins.  It  does  not  appear  to 
be  advisable  to  postpone  this  treatment  in  Massachusetts  after  the 
1st  of  November. 

In  regard  to  the  preparation  necessary,  it  may  be  stated  that  the 
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clogging  shoald  be  removed  as  far  as  practicable,  and  in  a  majority 
of  cases  the  surface  can  with  great  advantage  be  arranged  in  alter- 
nate ridges  and  trenches.  The  ordinary  winter  sewage  is  sufficiently 
warm  to  melt  some  of  the  snow  in  the  trenches,  but  in  so  doing 
becomes  so  chilled  that  in  many  cases  a  sheet  of  ice  is  formed  beneath 
the  unmelted  snow  and  above  the  sand  in  the  trench.  The  sewage 
will  slowly  pass  into  the  sand  and  form  in  this  way  a  very  inex- 
pensive and  effective  winter  cover.  It  is  also  to  be  mentioned  that 
at  Framinghani  the  Biters,  which  were  planted  with  corn  (maize), 
were  afforded  such  covers  by  allowing  the  snow  and  ice  to  rest  upon 
the  corn  hills. 

Owing  to  the  limited  area  of  the  experimental  filters  there  is  but 
little  opportunity  for  lateral  filtration  (a  very  important  feature  in 
large  filters) ,  and  it  is  not  practicable  to  ridge  and  trench  the  sur- 
face of  most  of  the  Lawrence  filters  because  the  sewage  would  pass 
through  in  places  too  quickly.  It  appears  that  large  filters  in  actual 
practice  are  much  less  difficult  to  operate  in  winter  weather  than  the 
experimental  filters. 

Summary  and  Oonduaions. 

The  several  methods  of  managing  filters,  with  particular  reference 
to  the  removal  of  clogging  in  the  surface  layers,  which  have  been 
applied,  with  varying  results,  may  be  summarized  as  follows :  — 

1 .  Systematic  raking,  with  occasional  harrowing  or  ploughing, 
is  very  satisfactory,  particularly  for  coarse  materials. 

2.  Systematic  scraping  at  regular  intervals  (followed  by  raking 
to  loosen  the  material)  gives  very  good  results,  especially  for  fine 
materials. 

3.  Systematic  scraping  when  necessary,  without  raking  or  har- 
rowing,  is  not  advisable. 

4.  The  efficiency  of  very  fine  material  (clogged  or  not  clogged) 
is  much  increased  by  trenching  with  coarse  material. 

5.  Such  trenches  should  contain  carefully  graded  materials  at 
the  bottom  to  prevent  clogging  at  the  junction  of  the  coarse  and  fine 
sand. 

6.  When  new  material  is  put  on  to  old  to  replace  clogged 
material  removed  by  scraping,  it  is  always  advisable  to  mix  the  old 
and  the  new  together  in  order  to  prevent  clogging  at  the  junction 
of  layers  of  unlike  capillary  attraction. 

7.  The  removal  of  stored  organic  matter  by  resting  for  a  limited 
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period  is  sufficiently  great  to  render  this  simple  and  inexpensive 
method  worthy  of  careful  consideration  in  cases  of  clogging  where 
the  available  area  is  not  too  limited.  It  may  be  mentioned  here  that 
the  depth  of  material  necessary  to  be  removed  from  the  surface  of 
several  of  the  experimental  filters  would  doubtless  have  been  con- 
siderably loss  if  they  had  been  allowed  to  rest  for  a  short  time. 

8.  It  is  important  that  the  treatment  of  filters  be  such  that  the 
conditions  of  operation  be  as  favorable  as  possible  during  the  cold 
winter  weather. 

9.  Great  care  should  be  taken,  especially  in  the  case  of  filters 
of  fine  material,  that  the  capacity  of  the  filter  be  not  taxed  during 
the  winter  months  to  such  an  extent  that  more  organic  matter  is 
stored  throughout  the  sand  than  can  be  removed  during  the  spring 
and  early  summer,  which  is  the  period  of  highest  nitrification. 

EXPERMENTS  UPON  THE  RaPID  FILTRATION  OP  SeWAGE  FROM  WHICH 

THE  Sludge  has  been  removed  by  Different  Methods. 

The  question  of  clogging  has  l)een  considered  in  the  preceding 
pages  with  regard  to  the  removal  of  sludge  after  its  application  to 
and  partial  storage  in  the  sand.  Another  aid  to  prevention  and 
relief  is  the  removal  of  as  much  of  the  sludge  as  possible  before 
the  application  of  the  sewage  to  the  filter.  This  may  be  done  by 
difierent  treatments  as  follows :  — 

I.  By  rapid  filtration  through  coarse  gravel,  with  the  aid  of  a 
current  of  air  drawn  through  the  gravel. 

II.  By  chemical  precipitation. 

III.  By  sedimentation. 

IV.  By  mechanical  devices,  such  as  very  fine  screens  or  wire 
cloth.     (Results  as  yet  incomplete.) 

After  treating  sewage  by  one  of  the  first  three  of  these  different 
methods  it  has  been  in  each  case  applied  to  a  filter  of  sand  5  feet 
deep,  having  an  eflfective  size  of  grain  of  0.17  to  0.19  millimeter. 

/.  (Filters  Nbs.  12  A,  15  D  and  16 B.) 

Filters  JiTos.  15  B  and  16  B  are  each  65  inches  in  depth  and  con- 
tain gravel  stones  of  an  efiective  size  of  5.10  millimeters.  They 
were  put  in  operation  July  25,  1892.  A  current  of  air  has  been 
drawn  through  No.  15  B,  by  means  of  an  aspirator  attached  to  the 
tank  near  the  bottom,  since  March  18,  1893,  and  throagh  No.  16 B 
since  Jan.  16,  1893.    The  outlet  from  each  filter  has  been  traj^ped. 
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The  surfaces  were  not  disturbed  until  the  middle  of  July,  1893, 
about  a  year  after  they  were  first  put  in  operation.  They  were 
each  raked  3  inches  deep  four  difierent  times,  to  remove  clogging, 
between  the  middle  of  July  and  September  1.  After  September 
1,  they  were  raked  regularly  once  a  week  until  October  26,  since 
which  date  they  have  been  raked  3  inches  deep  daily.  During 
November  and  December  there  was  evidence  of  sub-surface  clogging 
and  each  filter  was  spaded  over  6  to  8  inches  deep  on  several  occa- 
sions.    No  material  has  been  removed  from  either  filter. 

Filter  No.  12  A  contains  60  inches  in  depth  of  sand  of  an  effective 
size  of  0.19  millimeter,  and  receives  the  effluent  of  Nos.  15  B  and 
16  B.  Since  March  21  it  has  been  scraped  when  clogged,  but  not 
raked.  The  clogged  sand  has  been  washed  and  replaced.  The 
filter  has  been  scraped  on  an  average  once  in  five  days,  and  the 
average  depth  of  clogged  sand  removed  was  0.24  inch.  Sub-surface 
clogging  made  it  necessary  to  spade  over  the  upper  six  inches  of  sand 
after  scraping  on  September  27  and  December  12  and  27.  The 
results  are  summarized  beyond. 

//.  {Fater  No.  19.) 

This  filter  is  also  60  inches  deep,  and  the  sand  has  an  efibctive  size 
of  0.17  millimeter.  It  ha^  received  the  supernatant  liquid  from  sew- 
age after  treatment  with  alum  (1,000  pounds  per  million  gallons  and 
Allowed  to  settle  four  hours).  Since  October  23  it  has  been  scraped 
after  the  same  manner  as  No.  12  A.  The  average  period  between 
scrapings  was  ten  days  and  the  average  depth  removed  was  0.47 
inch.  Up  to  December  20  the  filter  had  twice  been  spaded  over  6 
inches  deep  to  remove  sub-surface  clogging.  The  rate  of  filtration, 
640,000  gallons  per  acre  daily  for  six  days  in  a  week,  overtaxed 
the  capacity  of  the  filter,  which  was  allowed  to  rest  for  two  weeks 
beginning  December  23.    The  results  are  summarized  beyond. 

///.  {Filter  No.  13 A.) 

This  filter  was  constructed  on  Sept.  27,  1893,  and  contains  60 
inches  in  depth  of  sand  of  an  effective  size  of  0.19  millimeter.  It 
received  the  supernatant  liquid  from  sewage  which  had  been  allowed 
to  settle  four  hours.  It  has  been  scraped  on  an  average  once  in  six 
days,  and  the  average  depth  removed  was  0.37  inch.  In  December 
the  sand  was  spaded  over  to  a  depth  of  6  inches,  three  times,  to  re- 
move sab-sorface  clogging.     The  rate  of  filtration,  480,000  gallons 
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per  acre  daily  for  six  days  in  a  week,  overtaxed  the  filter,  which  was 
allowed  to  rest  for  two  weeks  beginniDg  December  23.  The  results 
are  summarized  below. 


QuarUitaiive  Efficiency  —  Average  Bates  of  Filtration, 

(Oallont  per  acre  daily  for  tix  dajii  in  a  weak.) 


MOIfaBK  07  FlLTBt. 


Oct.  I  to  Dec.  SI, 


12  A, 
ISA, 
16  B, 
10  B. 
1».  . 


060,000 
416,S00 
490,000 
480,000 
664,000 


Qualitative  Efficiency  —  Average  Percentage*  of  Removal  of  Organic  Matter  and 

Bacteria, 


From  sewage  by  Filter  No.  16  B,         .... 
From  sewage  by  Filter  No.  10  B,        .       •       •       . 

From  effloeot  of  Filters  Noa.  15  B  and  10  B  by  Filter 

No.  12  A. 
From  eewage  by  Filters  Nos.  16  B  or  10  B  and  No. 

12  A. 
From  sewage  by  chemical  precipitation,    . 

From  clarified  sewage  (after  chemical  precipitation), 

by  FUter  No.  10. 
From  sewage  by  chemical  precipltailon  and  Filter 

No.  Itt. 
From  sewage  by  sedimentation 

From  clarified  sewage  (after  sedimentation)  by  FiU 

Ur  No.  13  A. 
From  sewage  by  sedimentation  and  Filter  No.  18  A, 


Jav.  1  TO  Dec.  81, 
ISM. 

Oct.  1  TO  Dec.  tU 

Albuminoid 
Ammonia. 

Bacteria. 

Albuminoid 
Ammonia. 

Bacteria. 

n.s 

77.4 

70.0 

84.0 

76.2 

80.8 

70.6 

70.8 

81.2 

08.0 

80.8 

00.0 

06.6 

00.8 

00.7 

00.0 

62.4 

84.8 

66.2 

81.8 

80.0 

06.8 

T8.7 

07.0 

04.0 

00.2 

00.1 

00.8 

- 

- 

18.2 

13.8 

- 

80.4 

08.8 

- 

- 

01.8 

08.8 

•  Several  of  the  percentages  in  this  table  differ  a  little  from  thoee  presented  on  page  101  of 
Document  No.  4  for  18M,  owing  to  a  slight  revision  of,  and  an  extension  of  tlie  period  eovered  .by,  the 
results. 

Summary  and  Condusions. 

1.  Of  the  three  methods  given  above  for  the  removal  of  sladge, 
filtration  through  coarse  gravel  at  a  very  rapid  rate,  and  with  the  aid 
of  a  current  of  air  drawn  through  the  gravel,  gave  the  greatest  pari- 
fication.  Furthermore,  it  has  the  advantage  that  it  bams  up  the 
sludge  to  a  large  extent  and  does  not  call  for  additional  means  for 
sludge  disposal. 
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2.  The  removal  of  sladge  by  sedimentation  enables  filters  of  fine 
material  to  be  operated  at  higher  rates  than  filters  which  receive 
ordinary  sewage.  It  appears  that  it  would  be  advisable  to  employ 
sedimentation  in  many  large  filters  where  the  sewage  is  strong  and 
the  filters  are  not  cultivated. 

3.  The  aid  received  from  the  removal  of  sludge  by  chemical 
precipitation  does  not  appear  to  be  sufficient  to  justify  the  additional 
cost. 

4.  Of  the  three  filters  of  fine  sand  which  receive  sewage  from 
which  the  sludge  has  been  partly  removed  by  diflferent  methods. 
No.  12  A  received  the  best  purified  sewage  and  gave  the  highest 
efficiency  both  from  a  qualitative  and  a  quantitative  point  of  view. 
This  filter  also  is  the  only  one  capable  of  continuing  to  work  at  the 
rates  given  above. 

5.  Upon  studying  the  several  methods  of  obtaining  a  well  purified 
eiHuent  from  sewage  we  find  that  the  average  rate  of  filtration  for 
the  combined  area  of  Filters  Nos.  12  A,  15  B  and  16  B  was  320,000 
gallons  per  acre  daily  for  six  days  in  a  week.  This  is  the  best 
result  yet  obtained  with  the  experimental  filters,  and  this  system 
of  double  filtration  with  the  aid  of  a  current  of  air  appears  to  be 
capable  of  application  to  the  purification  of  sewage  on  a  large  scale. 


Sub-surface  Application  of  Sewage. 

Filter  No.  7.  —  This  filter  contains  44  inches  in  depth  of  mixed 
coarse  and  fine  sand  of  an  efi^ctive  size  of  0.35  millimeter,  above 
which  are  10  raches  of  loam  and  6  inches  of  soil.  The  sub-surface 
drain  pipe  is  6  inches  in  diameter,  with  open  joints  every  2  feet, 
and  is  18  inches  below  the  surface.  This  pipe  became  clogged  and 
on  April  20  was  taken  up  and  cleaned.  The  sludge  removed  con- 
tained 75  per  cent,  of  the  insoluble  albuminoid  ammonia  applied 
since  the  pipe  was  cleaned  and  relaid  in  October,  1892.  The  pipes 
were  again  relaid  July  8  and  sewage  applied  at  the  rate  of  40,000 
gallons  per  acre  daily  for  six  days  in  a  week.  The  drain  pipe  is 
gradually  becoming  clogged,  and  since  December  1  the  full  dose 
could  not  be  applied. 

The  nitrification  was  incomplete  in  August,  and  the  ventilation 
has  been  increased  by  aspiration  since  September  1.  The  quality 
of  the  effluent  has  improved  and  remains  very  satisfactory. 

From  the  experiments  upon  Filter  No.  7  and  observations  upon 
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the  sub-surface  filters  at  Lenox  and  Wellesloy  we  may  draw  the 
following  conclusions :  — 

1.  From  a  chemical  and  biological  point  of  view  no  marked  diffi- 
culties attend  the  purification  of  sewage  applied  beneath  the  surface. 

2.  As  much  of  the  sludge  as  possible  should  be  removed  from 
the  original  sewage  by  screens  and  sedimentation  before  applying  it 
to  the  sub-surface. 

3.  The  sub-surface  pipes  should  be  provided  with  outlet  gates  at 
the  lower  end,  opposite  the  point  of  application,  so  that  they  may  be 
flushed  out  from  time  to  time  to  remove  the  accumulated  sludge. 

4.  In  most  cases,  to  avoid  clogging,  the  drain  pipe  should  be 
surrounded  with  stones  or  coarse  gravel,  and  in  order  to  prevent  the 
sand  from  filling  the  spaces  the  gravel  should  be  surrounded  with 
successive  layers  of  material  of  intermediate  and  gradually  decreasing 
size. 

Experiments  with  Sand  clogged  bt  Sewage. 

Filter  No.  77^.  — This  filter  was  filled  in  April,  1892,  with  5  feet 
of  material  which  had  been  scraped  from  the  surface  of  Filter  No.  6 
because  it  was  clogged.  Aided  by  a  current  of  air  it  began  to  do 
good  work  in  a  few  months  and  in  1893  it  filtered  sewage  at  the 
rate  of  GO, 000  gallons  per  acre  daily  for  six  days  in  a  week  with  an 
•effluent  as  well  purified  as  that  from  some  filters  of  clean  material. 
The  purification  fell  ofi*  in  the  summer,  owing  to  clogging  at  the 
surface.  In  August  the  upper  3  inches  were  removed  and  tho 
quality  of  the  effluent  steadily  improved  and  remained  satisfactory 
throughout  the  year. 

This  experiment  offers  a  strong  confirmation  of  the  conclusion 
already  drawn  with  regard  to  the  injurious  eflfect  of  the  presence  of 
layers  of  unlike  material  in  a  filter.  (Compare  Annual  Report  for 
1892,  pages  403  and  409,  and  also  the  sections  in  the  present  Report 
on  the  construction  of  trenches  and  the  addition  of  new  material, 
pages  417  and  420.)  This  material,  just  before  its  removal,  and 
when  it  formed  a  portion  of  the  upper  layer  2  inches  in  depth  of 
Filter  No.  6,  remained  saturated  with  water  and  ventilation  was  pre- 
cluded because  the  cleaner  sand  beneath  it  was  unable  to  draw  the 
water  from  it.  When  placed  by  itself,  however,  it  drained,  allowed 
air  to  enter  the  pores  and  oxidation  processes  in  time  became  re-es- 
tablished. In  Filter  No.  11 A  the  upper  portion  eventually  contained 
so  much  stored  organic  matter  that  it  remained  saturated  and  the 
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comparatively  clean  but  actually  dirty  and  partly  clogged  8and 
beneath  it  could  not  withdraw  the  water  from  its  pores  to  allow  the 
entrance  of  air.  There  is  no  reason  to  believe,  moreover,  that  this 
portion  which  was  removed  would  not  in  time  make  an  efficient 
filter  if  placed  by  itself.  This  experiment  with  others  shows  that 
the  clogging  of  a  sewage  filter  does  not  mean  the  storage  in  the 
material  of  any  definite  amount  of  organic  matter,  but  that  it  arises 
from  differences  in  capillary  attraction  of  adjoining  layers.  While 
it  is  true  of  course  that  increased  storage  of  organic  matter  means  in- 
creased capillarity,  it  is  also  true  that  marked  differences  in  capillary 
attraction  occur  in  unlike  material  containing  very  little  or  no  organic 
matter. 

The  Effect  of  Polarite  in  a  Filter  ox  the  Removal  of 
Color  from  Sewage  containixg  Dye  Stuff. 

Filter  No,  14.  —  This  filter  has  contained  since  Jan.  21,  1893,  a 
layer  of  polarite*  7  inches  deep,  the  top  of  which  was  6  inches 
below  the  surface.  From  February  13  to  March  22,  Patent  Bluef 
equivalent  to  0.33  part  per  100,000  was  put  into  the  sewage,  which 
was  applied  to  the  filter  at  the  rate  of  160,000  gallons  per  acre 
daily  for  six  days  in  a  week.  The  effluent  was  slightly  colored 
after  a  few  days,  and  the  color  became  quite  marked  at  the  end  of 
38  days.  The  filter  was  then  operated  as  usual  without  the  dye 
stuff  in  the  sewage  and  it  was  not  until  August  26  that  the  elSuent 
became  free  from  the  color  which  had  been  stored  in  the  filter. 

During  this  time  Filter  No.  13,  of  the  same  construction  as  No.  14, 
without  polarite,  received  the  same  treatment  as  the  latter.  The 
effluent  of  each  was  uniformly  well  purified  with  high  nitrification. 

Beginning  on  August  26,  Scarlet  2R  (another  aniline  dye), 
equvalent  to  0.44  part  per  100,000,  was  added  to  the  dose  of  each 
filter.  The  applied  sewage  had  a  strong  red  color.  On  the  second 
day  the  effluent  of  No.  13  (without  polarite)  showed  a  pink  tint  and 

*  Analysis  of  polarite  by  Professor  Roscoe :  — > 

Magnetic  oxide  of  iron, 03  85 

Alumina, 5  68 

Magnesia, 7^5 

Water,  with  a  trace  of  carbon, 5  41 

Silica 25.50 

Lime, 2.01 

100.00 
t  Trade  mCme  for  an  aniline  dye. 
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contained  about  20  per  cent,  of  the  color  in  the  applied  sewage  on 
the  twelfth  day  of  the  application.  The  first  appearance  of  color  in 
the  effluent  of  No.  14  was  on  the  twenty -second  day,  and  the  color 
had  not  beconoie  marked  on  the  twenty-eighth  day,  when  the  appli- 
cation of  this  dye  was  stopped. 

On  September  24  Patent  Bhie  was  added  to  the  dose  of  each  filter 
(0.33  part  per  100,000  —  the  same  as  applied  to  No.  14  during  the 
winter  months),  and  the  effluent  of  No.  13  was  strongly  colored  on 
the  first  day,  while  that  of  No.  14  was  tinted  only  very  slightly. 

The  Removal  of  Bacteria. 

The  number  of  bacteria  in  the  effluent  of  a  sewage  filter  depends 
upon  the  size  of  the  material  and  the  condition  of  the  filter.  With 
filters  of  very  fine  sand  such  as  Nos.  2  and  4  it  is  probable  that 
no  bacteria  pass  through  from  top  to  bottom.  When  the  nitrifica- 
tion is  very  incomplete  and  there  has  been  considerable  storage  of  , 
organic  matter  in  the  sand,  the  number  of  bacteria  in  the  effluent 
frequently  increases.  These  bacteria,  however,  belong  to  one  or 
more  hardy  species  which  are  able  to  multiply  within  the  filter. 
Thus,  in  the  case  of  Filter  No.  2  in  March,  1893,  the  bacteria  in 
the  effluent  were  comparatively  high  and  were  nearly  a  pure  culture 
of  a  liquefying,  fluorescent  bacillus. 

Filters  Nos.  6  and  9  A,  when  operated  under  the  most  favorable 
conditions,  appear  to  allow  no  bacteria  to  pass  through  from  top  to 
bottom.  When  operated  at  high  rates  of  filtration,  however,  a  very 
small  percentage  of  the  applied  bacteria,  as  a  rule,  passes  through 
the  filters. 

With  materials  as  coarse  as  those  in  Filters  Nos.  1,  5  A  and  15  B 
there  are  always  some  bacteria  which  pass  directly  through  the  filter. 
The  number  of  bacteria  decreases  as  the  distance  from  the  point  of 
application  to  the  underdrains  and  the  time  taken  to  travel  this 
distance  increases. 

With  regard  to  seasonal  efiect,  it  is  to  be  stated  that  generally 
speaking  the  winter  months  are  the  time  of  least  efficiency,  because 
the  conditions  for  nitrification  and  other  processes  are  then  least 
favorable.  When  a  filter  is  in  good  condition  it  is  possible  to  obtain 
normal  bacterial  results  in  the  winter,  and  as  most  increases  in  the 
number  of  bacteria  in  the  effluent  come  from  disarrangements  of  the 
functions  of  the  filters,  periods  of  unusually  low  bacterial  removal 
may  be  found  at  all  times  of  the  year. 
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Work  of  the  Filters  for  1893. 

The  experimental  filters  used  during  1893  for  sewage  purification 
have  been  mainly  the  ones  which  have  been  fully  described  in  pre- 
vious Reports  of  the  Board.  In  the  following  table  are  given  the 
descriptions  of  the  materials  used.  This  is  followed  by  an  outline 
of  the  history  of  each  filter  and  the  monthly  averages  of  the 
analyses. 

Construction  of  Experimental  Sewage  Fillers  studied  in  1893. 


OP 
FiLTBB. 


Dim  BMtiovfl  ow  Filtbbs. 


Depth 

of 
Sand. 

Inches. 
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Area  In 

Fractions 
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an  Acre. 


1.  . 

2.  . 
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«.  . 
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11  A. 
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13,  . 
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14.  . 

15  B, 

16  B, 

17  A, 
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25,. 

80,. 
31,  . 
82,  . 


63 
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60 

200 

60 

200 

60 
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200 

44 

200 

44 
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60 
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20 

60 

20 

63 
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20 
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20 
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20 
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20 

60 
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120 

20 
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80 

17 

80 

17 

3^6 
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7V.06V 
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BiiK  OF  Sand. 


Effective 
SlzelnMiUl. 

meters, 
10  per  Cent 
Finer  than— 


Unl-  I 
formltj' 
Coeffl-I 

cleut.  I 


.48 
.08 

.48 

.08 

.04 

1.40 

.86 

.36 

.17 
.85 
.10 
.48 
.19 
.48 
6.10 
5.10 
.17 
.17 

.48 
.17 
.17 


Manner 
of 

Filling. 


2.4 
2.0 

2.4 

2.0 

2.7 
2.4 
7.8 
7.8 

2.0 
7.8 
2.0 
2.4 
2.0 
2.4 
2.0 
2.0 
2.0 
2.0 

2.4 
2.0 
2.0 


In  Operation 
since  — 


Bbicabks. 


Wet. 

Jan.  10, 1888. 

Wet. 

Dec.  10, 1887. 

Dry. 

(Dry. 
f  Wet.) 

Jan.  6. 1800. 

Wet. 

Dec.  19. 1887. 

Dry. 

Sept.  14, 1801. 

Wet. 

Jan.  12,1888. 

Wet. 

Jan.  14, 1888. 

Dry. 

Nov.  18, 1890. 

Dry. 

Mar.  80. 1892. 

Dry. 

July  25. 1892. 

Wet. 

Feb.  16, 1888. 

Dry. 

Sept.  27, 1898. 

Wet. 

Feb.  16. 1888. 

Dry. 

July  25. 1892. 

Dry. 

July  25. 1892. 

Wet. 

Jan.  28.1890. 

Wet. 

Jan.  28,1890. 

Wet. 

Jan.  1, 1890. 

Dry. 

May  81,1890. 

Dry. 

May  81,1890. 

Dry. 

Dec.  5, 1891. 

Oontalns  two  trenches 
of  coarse  sand. 

Dlscontinaed   Sept.  1, 
1803. 

Contains  two  trenches 
of  coarse  sand. 


Covered  with  16  inches 
of  loam  and  soil; 
sewage  applied  be> 
Death  the  sarface. 


Filled  with  clogged  ma- 
terial  from  No.  6. 


Dlscontinaed  Sept.  27. 
1898. 


Contains  layer  of 

polar!  te. 
Constantly  aerated. 

Constantly  aerated. 

Contains    layers    of 
marble  dast. 


Filled  with  loam  and 
soil.  Contains  car. 
cass  of  dog. 
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Filter  No.  1. 

At  the  beginning  of  the  year  the  surface  of  this  filter,  unprotected 
from  the  weather,  was  considerably  clogged  by  organic  matters 
stored  in  the  sand,  and  during  the  extreme  cold  weather  of  January 
the  nitrification  was  very  slight,  while  the  ammonias  in  the  effluent  be- 
came exceptionally  high.  The  applied  sewage,  equivalent  to  120,000 
gallons  per  acre  daily  for  six  days  in  a  week,  at  times  disappeared 
very  slowly  and  in  a  few  instances  froze  to  the  sand.  In  this  case 
the  ice  was  removed  with  a  pick  and  shovel  in  order  to  keep  the 
filter  in  action.  In  February  the  quality  of  the  effluent  improved 
somewhat,  but  was  still  poor,  owing  to  imperfect  ventilation  and 
probably  to  the  passage  of  the  sewage  through  portions  of  the  filter 
where  there  was  the  least  frost.  From  March  8  until  the  middle  of 
April,  ventilation  was  increased  by  drawing  air  through  the  sand  by 
means  of  an  aspirator  attached  to  the  outlet  pipe,  the  end  of  which 
was  trapped.  The  quality  of  the  effluent  improved  until  about  the 
first  of  May,  when  the  spring  rains  caused  the  surface  to  be  partially 
covered  for  several  days,  but  then  began  to  deteriorate,  and  on 
May  5,  4  inches  of  discolored  and  partially  clogged  sand  were  re- 
moved and  9  inches  of  fresh  material  were  added  to  bring  the  filter 
up  to  its  original  depth  of  K3  inches.  Nitrification  soon  l>ecame  high 
and  remained  so  during  the  summer  in  the  absence  as  well  as  in  the 
presence  of  aspiration.  The  ammonias  in  the  effluent  became  low  and 
it  is  to  be  stated  that  in  July  and  August  the  albuminoid  ammonia 
was  caused  in  part  by  the  presence  of  small  white  worms  which 
appeared  to  live  in  the  underdrains.  During  the  warm  weather  there 
was  a  removal,  by  nitrification,  of  considerable  organic  matter  which 
bad  been  stored  in  the  sand.  In  October  the  ammonias  began  to 
increase  in  the  effluent,  owing  to  the  interruption  in  the  ventilation 
caused  by  clogging,  at  the  junction  of  layers  of  old  and  new  sand. 
On  December  2,  the  surface  was  spaded  over,  12  inches  deep,  in  two 
layers  of  6  inches  each.  The  quality  of  the  effluent  improved  op  to 
the  middle  of  the  month,  when  the  very  cold  weather  interfered  with 
the  purification,  but  not  with  the  quantitative  efficiency.  The  poor- 
est result  of  the  month  was  on  December  19,  when  the  albuaiiaoid 
ammonia  in  the  effluent  was  .2260  part.  The  cause  of  this  doubt- 
less was  that  the  sewage  passed  through  holes  in  the  frost  made  at 
the  points  where  the  warm  sewage  first  reached  the  sand. 
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Effluent  from  FOUr  No.  1 

[Pan.  par  100,000.] 
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Thia  filter  of  fine  sand  was  badly  clogged  at  the  aurface  at  the 
begiDDiDg  of  1893,  aod  although  protected  by  a  canvas  cover  and 
continuing  to  give  an  effluent  of  excellent  quality  it  could  filter  but 
a  very  small  amount  of  sewage.  During  January  and  February  the 
sewage  repeatedly  froze  to  the  sand  and  the  ice  was  removed  with  a 
pick.  The  ammonias  in  the  effluent  were  very  low,  but  nitrificatioa 
gradually  decreased  and  there  was  a  considcnible  storage  of  organic 
matter  in  the  sund.  On  March  4  two  circulur  trenches  two  feet  deep 
and  one  foot  wide,  one  and  a  half  and  five  feet,  respectively,  from 
the  edge  of  the  filter,  were  constructed.  These  trenches  were  filled 
with  Ho.  9  sand,  as  is  described  on  piige  417,  and  covered  with 
boards  aotil  April  1.     The  applied  sewage  equivalent  to  40,000  g&l- 
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loDs  per  acre  daily  for  six  duys  in  a  week  disappeared  promptly. 
The  ammonias  aad  the  nitrates  steadily  increased  until  May,  after 
n-hicb  the  nmmoniaa  steadily  decreased  and  the  nitrates  remained 
high  during  the  entire  summer,  indicatiDg  a  removal  of  much  organic 
matter  from  the  sand.  The  grass  and  weeds  which  grew  luxuriantly 
around  the  edges  of  the  trenches  were  cut  on  July  20  and  August 
3t.  The  dose  was  increased  September  1  to  60,000  gallons  per 
acre,  and  the  filter  continued  to  do  excellent  work  until  the  latter 
part  of  October,  when  the  trenches  began  to  clog  and  the  increasing 
free  ammonia  in  the  elHuent  indicated  that  the  ventilation  was  im- 
perfect. The  upper  two  inches  of  discolored  and  partially  clogged 
material  were  removed  from  each  trench  on  October  30  and  replaced 
with  new  sand.  This  did  not  restore  the  efficiency  of  the  filter, 
owing  to  a  clogging  at  the  bottom  of  the  trenches,  which  was 
remedied  on  Deeeml>er  2  by  putting  in  several  layers  of  mixed 
coarse  and  fine  sand,  as  is  described  on  page  4L7.  On  December  4 
the  trenches  were  covered  with  hoards.  This  treatment  restored  the 
quantitative  efficiency  of  the  filter,  and  the  quality  of  the  effluent 
steadily  improved. 

Effluent  from  Filler  No.  2. 

[Piru  p«r  100.000.] 
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FlLTEB  No.  3  A. 
In  January  the  prescribed  dose,  equivalent  to  60,000  gallons  per 
acre  daily  for  six  days  in  a  week,  was  taken  with  some  difficulty, 
owing  to  the  accumulation  of  organic  matter  at  and  near  the  surface. 
The  quality  of  the  effluent  was  poor  and  became  worse,  although 
the  quantitative  efficiency  was  satisfactory  ia  February.  In  March 
the  ammonias  in  the  efflueut  began  to  steadily  decrease,  but  the 
free  ammonia  was  still  very  high.  Nitrification  slowly  improved 
and  became  very  high  in  June  and  July,  when  there  was  consider- 
able removal  of  organic  matter  stored  ia  the  sand.  The  effluent 
was  well  purified.  Karly  in  August  the  surface  sand  became  clogged 
BO  that  the  sewage  remained  on  the  surface  for  twenty-four  hours. 
On  August  14  the  surface  was  spaded  over,  corresponding  to 
ploughing,  to  a  depth  of  six  inches,  after  which  the  applied  sewage 
disappeared  promptly.  Ventilation  was  restored  and  the  quality  of 
the  effluent,  which  had  begun  to  deteriorate,  became  good  again, 
with  the  nitrates  very  high  at  the  end  of  the  month,  when  the  ex- 
periment was  discontinued. 


Effluetajrom  Filter  No.  3  A. 
[Put!  pw  loo.ooo.) 
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Filter  No,  4. 

This  filter  of  fine  river  silt  with  a  large  trench  of  coarse  saod  and 
covered  with  canvas  was  able  to  filter  sewage  at  the  average  rate  of 
40,000  gallons  per  acre  daily  for  six  days  in  a  week  until  the  early 
part  of  March.  The  ammonias  in  the  effluent  were  very  low,  but  the 
nitrates  decreased  steadily  and  there  was  a  large  storage  of  organic 
matter  in  the  sand.  To  remove  the  clogging  the  upper  2  inches  of 
coarse  sand  in  the  trench  were  removed  on  March  6.  This  did  not 
remedy  matters  and  on  March  11  the  canvas  cover  was  removed, 
the  coarse  sand  dug  out  of  the  trench  and  about  I  inch  in  depth  of 
clogged  fine  sand  at  the  junction  of  the  coarse  sand  of  the  trench 
with  the  fine  sand  of  the  filter  scraped  off;  and  the  coarse  sand  was 
replaced  after  raking  the  fine  sand  to  a  depth  of  about  1  inch.  This 
treatment  did  away  with  clogging  until  the  last  of  May.  During 
this  time  the  nitrates  aod  ammonias  in  the  effluent  increased.  The 
trench  failed  to  take  the  sewage  promptly  toward  the  last  of  May  and 
on  June  2  a  new  trench  was  constructed.  The  average  rate  was 
reduced  June  2  to  30,000  gallons  per  acre  daily  and  the  quality  of 
the  effluent  steadily  improved  until  the  last  of  September,  when  the 
purification  was  excellent.  The  grass  and  weeds  were  cut  on 
August  31.  Toward  the  latter  part  of  October  the  new  trench 
became  clogged  and  it  was  allowed  to  rest  and  the  old  one  used 
during  the  rest  of  the  year.  The  nitrification  decreased  in  December, 
although  the  effluent  was  very  free  from  organic  matter.  While  the 
effluent  contained  but  a  comparatively  small  amount  of  albuminoid 
ammonia  throughout  the  year,  it  is  to  be  stated  that  there  was  a  con- 
tinual storage  of  organic  matter  in  the  sand. 
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FiLTfiC  No.  5  A. 
Thia  filter  of  fine  gravel  stoneg  without  sand  received  sewage  in 
JuDuary  and  February  in  single  doses  equivalent  to  120,000  gallons 
per  acre  daily  for  six  days  in  a  week.  The  aurfuce  was  unprotected 
from  the  weather  and  with  a  few  exceptions  the  sewage  disappeared 
promptly.  The  nitrification  was  incomplete  and  the  ammonias  in 
the  effluent  were  very  high.  This  was  probably  owing  to  a  certain 
extent  to  the  ymseage  of  the  sewage  through  the  portion  of  the  filter 
near  the  point  of  application  and  where  there  was  the  least  frost. 
In  March  the  quality  of  the  effluent  improved,  owing  in  part  to  the 
fact  that  the  sewage  was  applied  in  three  dosed  daily,  and  partly  to 
increased  veatilutioo  by  aspiration.  In  April,  without  aspiration,  the 
effluent  continned  to  improve  in  quality,  and  in  May  there  was  a 
removal  of  orgaDic  matter  from  the  sand.     The  filter  became  clag^«d. 
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ID  the  early  part  of  Juae,  at  a  point  just  below  that  reached  io  the 
weekly  rakiog,  to  a.  depth  of  1  iocb.  This  was  remedied  by  raking 
to  a  depth  of  2  inches.  The  purification  was  very  good  for  this 
material  in  July  and  a  part  of  August;  but  sub-surface  clogging 
appeared  again  in  September,  and  the  sur&ce  was  spaded  o%'er,  6 
inches  deep,  corresponding  to  ploughing,  on  September  15.  On 
October  30  the  rate  was  increased  to  160,000  gallons  per  acre  daily, 
applied  in  eight  doses  daily  fur  six  days  in  a  week,  and  there  was  no 
marked  deterioration  in  the  quality  of  the  eflluent  until  the  last  of 
Norember,  when  the  filter  became  clogged  again  beneath  the  surface. 
Two  inches  of  discolored  and  partially  clogged  gravel  were  removed 
on  December  2,  and  the  surEace  spaded  over,  6  inches  deep.  In 
December  the  applied  sewage,  equivalent  to  120,000  gallons  per 
acre,  was  taken  readily,  hut  the  nitrification  was  incomplete  and  the 
3  in  the  etUuent  wore  very  high  during  the  maximum  fiuw. 

Effluent  from  Filler  No.  B  A. 
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Filter  No,  6, 

This  filter,  44  inches  in  depth  of  mixed  coarse  and  fine  sand  and 
unprotected  from  the  weather,  received  sewage  at  the  beginning  of 
1893  at  the  rate  of  70,000  gallons  per  acre  daily  for  six  days  in  a 
week.  Owing  to  a  storage  of  organic  matter  in  the  surface  sand  the 
sewage  on  very  cold  days  froze  to  the  sand,  and  it  was  necessary  to 
omit  some  doses  in  January  and  to  remove  the  ice  in  places  with  a 
pick  and  shovel  in  order  that  the  filter  might  be  kept  in  action. 
Nitrification  was  very  incomplete  in  January  and  the  ammonias  in 
the  efiiuent  were  high.  The  quantitative  efiSciency  was  satisfactory 
in  February,  but  the  effluent  deteriorated  in  quality,  owing,  in  part, 
to  the  fact  that  the  oxidation  and  nitrification  functions  were  thrown 
out  of  adjustment  by  the  unfavorable  conditions  of  the  preceding 
weeks,  but  chiefly  to  the  passage  of  the  sewage  through  holes  in  the 
frost.  In  March  and  April  the  filter  steadily  improved,  while  from 
May  to  August,  inclusive,  the  effluent  was  very  well  purified  and 
moreover  there  was  a  removal  of  a  large  amount  of  organic  matter 
which  had  been  stored  in  the  sand.  On  July  11  the  quantity  of 
sewage  applied  to  the  filter  was  increased  to  90,000  gallons  per 
acre  daily.  Surface  clogging  appeared  early  in  September,  and  on 
September  25  the  upper  2  inches  of  discolored  and  partially  clogged 
sand  were  removed  and  replaced  with  fresh  material.  The  filter  did 
good  work  again  until  the  last  of  November,  when  a  clogging  oc- 
curred at  the  junction  of  the  old  and  new  sand,  as  is  described  on 
pages  413  and  414.  This  was  remedied  on  December  2  by  spading 
the  surface  to  a  depth  of  6  inches.  A  canvas  cover  was  put  on 
December  4.  The  purification  was  quite  incomplete  during  the  first 
half  of  December,but  there  was  a  gradual  improvement  during  the 
last  half  of  the  month. 


STATE  BOAED  OF  HEALTH.         [Pub.  Doo. 


Effluent  from  F&Ur  H^ 

[mu  par  lOIVOOO.] 


Tliu 

SOKlM. 

Ulnutu. 

»«■ 

r.^-^ 

A.M«U. 

I 

K,™™ 

"Y 

If 

1 

1 

i 

1 

1 

1 

i 

1 

1 

■Ml. 

1 

1 

H 

J.™rr.  . 

81.000 

16 

8S1 

»». 

V.  >1 

.» 

I.IJM 

o<a 

1.40 

.»3» 

.^ 

.71 

T,r( 

y=liru«y.. 

BI,«<0 

U 

311 

1h.  Um. 

V.  *! 

-so 

i.nw 

ms 

6.e« 

•™ 

.0311  Ln  Mjnt 

Much.      . 

TO.00O 

U 

3S 

Wen. 

V,  *] 

.« 

i.iMie 

1010 

1.01 

..», 

.oi«iij.ti  !uj« 

April,        . 

TO.OM 

M 

Ml 

Bis. 

0 

V.  •■ 

.IR 

.1MB 

Ot«T 

».«;  2.S1SI 

.IMsiu  1  6,141 

MV..        . 

N,>00 

»4 

U 

am. 

ITona 

.14 

.oin 

». 

B.IS'  3.8090 

.oWi'i.M     4.M 

Juno,        . 

n.v» 

« 

«t 

10m. 

Nona 

.IB 

.OM* 

OSM 

10.38  |3.»T«1 

-oooa 

.SI  1  fcIT* 

Jnlj-..        . 

Ti,BOa 

n 

lil 

Em. 

None 

.08 

.0013 

oasi 

o.«|js.8W, 

.10  'io>» 

Aopirt.     . 

K,NO 

TOt 

n 

llm. 

V.  >]. 

.11 

.oa« 

oaio 

».62|lJ.Bia* 

.0*0* 

.»  l,o.«. 

se,«aa 

01 

OS 

Ih.Mm. 

Nona. 

.IS 

.OBSB 

out 

T.U   I.llOO 

.0*4*  .a:    s,rM 

Ofllober.    , 

IW,OW 

SI 

«1 

Xm. 

Bone- 

.10 

.0666 

oral 

9.io''3.eMi 

.0113  .11    i,;m 

:N- oven,  bar, 

Dn,m 

«1 

1} 

m. 

V.  .1. 

.11 

.OIJT 

oisi 

8.id';:.&140 

.0711    .51  '  S.SOI 

»'"■"""• 

■'■*" 

13 

40 

llm. 

V.  .1 

.2! 

.6S00 

08M 

fl.TB. 1.1730 

.raw'  .8v  1J.M0 

e*«.ca 

appHad,  3l>0Eillou,atl<< 

M  a  waak,  tintll  July  10;  m  KlIoDa,  t  ilmn  ■  waak,  Jnlf  II  n 

160  gallon.,  <lU»a..« 

liar  9  to  8  . 

Id  Uar  18  to  20.    BoTTa 

:  rakrd  alwal  1  loch  daap  aach  waek.    Beptemtwr  3S,  aboat  t 

lneb»  ot  dir 

J  UDd  acnpad  oS  and 

aplaoad  hj  naw  material.    Daeambar  S,  inrrau  apadait  8  lacbn 

•  OQVor  pat  OD  Dwamber 

total  dfpth) 

laaraaiDTfid10Uai*a(H 

6  1nch«itolaldBptli). 
FiLTEE    No.    7. 

Subsurface  Application  of  Sewage. 
This  filter  contains  44  inches  of  mixed  coarse  and  fine  sand  like 
thut  in  No.  6,  above  which  are  10  inches  of  loan)  and  6  inches  of 
soil.  The  Bewage  ia  applied  in  a  circular  pipe  6  inches  iu  diameter 
and  18  inches  lielow  the  surface,  with  open  joints  every  2  fe«t. 
At  the  beginning  of  the  year  the  inlet  to  this  pipe  was  trapped. 
After  cleaning  and  relaying  this  pipe  in  October,  1892,  the  sewage 
WHS  applied  without  difficulty  during  the  winter  months  at  the  rate 
of  40,000  gallons  per  acre  dally  for  six  days  is  a  week.  The  oitri- 
fication  was  very  incomplete  and  the  effluent  contained  very  high 
free  ammonia.  It  was  thought  that  the  ventilation  was  interfered 
with  by  the  rain  and  melted  enow  which  accatnulated  upon  and  tt 
times  froze  to  the  surface.  On  March  15  the  qointity  of  aewagtt 
was  reduced  to  20,000  gallons,  but  nitrification  disappearad  entinly 
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and  a  redacing  action  set  in,  showing  tbat  the  filter  was  overdoaed. 
The  application  of  sewage  waa  stopped  on  April  17  and  the  eub- 
sarface  pipe  dug  up  April  26.  In  places  the  accumulated  sludge 
more  than  half  filled  the  pipe.  Anatyses  showed  that  this  sludge 
wae  equivalent  to  75  per  cent,  of  the  insoluble  albuminoid  ammonia 
applied  since  the  pipe  was  kst  cleaned.  The  pipe  was  relaid  with- 
out the  trap  oa  July  8  and  sewage  applied  at  the  rate  of  40,000 
gallons  per  acre  daily  for  six  days  in  a  week.  The  pipe  gradually 
clogged  and  the  full  dose  could  not  be  applied  after  December  1. 
The  nitrification  was  very  high  in  July,  indicating  a  removal  of 
stored  organic  matter,  but  became  incomplete  in  August.  Venti- 
latioQ  was  increased  by  aspiration  after  September  1  and  the  quality 
of  the  effluent  improved  and  remained  very  satisfactory  throughout 
the  year. 

For  a  summary  of  the  information  obtained  from  the  experiments 
upon  the  sub-surface  application  of  sewage  see  page  425. 
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FiLTEE  No.  9  A. 
Thia  filter  was  protected  from  the  weather  by  a  canvas  cover  and 
took  sewage  without  difficulty  at  the  rate  of  120,000  gallous  per 
acre  daily  for  six  days  in  a  week.  The  surface  was  not  raked,  but 
scraped  whea  necessary,  to  relieve  clogging.  The  quality  of  the 
cfflueut  deteriorated  during  January,  but  began  to  steadily  improve 
in  the  latter  part  of  February.  On  March  6  the  caovas  was  removed 
and  the  surface  scraped.  Daring  April,  May  and  June  the  effluent 
was  very  well  purified  and  there  was  a  removal  of  organic  matter 
stored  iu  the  sand.  The  purification  remained  satisfactory  until 
November,  when  sub-surface  clogging  appeared.  The  results  ob- 
tained upon  this  filter  which  are  presented  below  are  discussed  od 
page  414. 
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FILTRATION  OF  SEWAGE. 


Filter  No.  11  A. 

This  filter  coDtftina  5  feet  of  mixed  coarse  and  fiae  sand  which  had 
become  clogged  and  had  been  removed  from  the  surface  of  Filter  No. 
6.  Sewage  was  applied  at  the  rate  of  60,000  gallons  per  acre  daily  for 
six  days  in  ft  week.  The  effluent  was  well  purified  duriog  the  winter 
but  began  to  deteriorate  the  later  part  of  March,  and  nitrificatioD 
decreased  steadily.  This  was  caused  by  incomplete  ventilation  as 
the  scum  at  the  surface  was  too  thick  to  dry  and  crack  between 
doses.  Aspirfttion  was  tried  in  July  and  gave  some  relief,  bat  to 
insure  permanent  improvement  the  upper  3  inches  were  removed  on 
August  16,  and  aspiration  tried  until  September  22.  The  effluent 
was  very  well  purified  in  September  and  showed  a  removal  of  organic 
matter  stored  in  the  sand.  The  quality  of  the  effluent  remained 
satisfactory  through  the  rest  of  the  year  in  the  absence  of  aspiration. 

For  a  discussion  of  this  experiment  see  page  426. 


Effluent  from  Filler  No.  11  A. 

[PBrti  par  100,000.) 
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Filters  Nos.  12  A,  15  B  and  16  B. 

Filter  No.  12  A  contains  60  inches  in  depth  of  fine  sand,  and  has 
received  the  effluents  of  Filters  No.  15  B  and  16  B  which  are  filled 
with  coarse  gravel.  An  aspirator  was  attached  to  No.  15  B  on 
March  18,  and  to  No.  16  B  on  January  16.  The  rate  of  filtration 
has  been  very  high  for  each  of  these  filters  —  equivalent  to  48O9OOO 
gallons  per  f.cre  daily  for  six  days  in  a  week,  for  the  last  seven 
months.  The  surfaces  of  these  gravel  filters  were  not  disturbed 
until  July,  1893,  about  a  year  after  they  were  first  put  in  operation. 
They  were  raked  3  inches  deep  once  a  week  after  September  1,  and 
daily  after  October  26.  The  quality  of  the  effluent  was  found  by 
series  of  analyses  to  be  closely  dependent  upon  the  current  of  air 
drawn  through  the  gravel.  Toward  the  end  of  the  year  it  was 
found  that  the  ventilation  was  less  complete  than  usual,  owing  to  a 
leak  around  the  outlet  pipe.  This  doubtless  explains,  to  a  great 
extent,  the  deterioration  in  the  quality  of  the  effluent  and  also  the 
clogging  of  the  gravel,  which  necessitated  raking  on  several  occasions 
to  a  depth  of  6  inches. 

The  effluents  of  these  gravel  filters  were  uniformly  well  purified  by 
No.  12  A,  when  operated  at  a  rate  of  960,000  gallons  per  acre  daily 
for  six  days  in  a  week.  Since  March  24  the  surface  has  been 
scraped  when  necessary  to  relieve  clogging,  and  has  not  been  raked. 
It  was  scraped  on  an  average  once  in  five  days,  and  the  average 
depth  removed  was  0.24  inch.  The  removed  sand  was  washed  and 
replaced.  To  do  away  with  sub-surface  clogging  the  filter  was 
raked  to  a  depth  of  6  inches  on  September  27,  December  12  and  27. 
The  deterioration  in  the  quality  of  the  effluents  of  Filters  No.  15  B 
and  16B  in  December,  began  to  make  itself  apparent  toward  the 
end  of  the  year,  in  the  operation  of  this  filter. 

These  results  are  discussed  on  page  422. 
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FILTRATION  OF  SEWAGE. 


Effluent  from  FiHer  No.  12  A. 
(Part*  per  lOO.OOO.] 
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Effluent  from  FiUer  No.  15  B. 

[Parti  par  KXI.DOO.] 
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uentfrvm  FiUer  No.  18  B. 
[Pint  p<[  loo.ooc.] 
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Filter  No.  13. 
This  filter  was  used  during  the  winter  mooths  for  confirmation  of 
experiments  to  determine  the  effect  of  nitrification  upon  the  removal 
of  bacteria  by  tiltratiun.  Beginning  March  22  sewage  was  applied 
at  the  rate  of  160,0iX>  gallons  per  acre  daily  for  six  days  in  a  week. 
This  was  done  with  a  view  to  obtaining,  in  conjunction  with  Filter 
No.  14,  some  comparable  results  upon  the  removal  of  dyestuffs  from 
sewage  by  filters  of  coarse  aand  with  and  without  the  presence  of 
polarite.     Theae  results  are  summarized  on  page  427. 
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FILTRATION  OF  SEWAGE. 


Effluent  from  Filler  No.  13. 

[FmrU  per  1I)0,0[M.] 
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Filter  No.  13  A. 
This  61ter  contains  60  inches  in  depth  of  eand  of  an  effective  size  of 
0.19  millimeter,  and  was  constructed  on  September  27, 1893.  It  has 
received  the  sapernatant  liquid  from  sewage  which  had  been  allowed 
to  settle  four  hours.  The  sutface,  which  has  been  scraped  when 
necessary  to  relieve  clogging  and  not  mked,  was  scraped  on  an 
average  once  in  six  days,  and  the  average  depth  removed  was  0.37 
inch.  Owing  to  sub-surface  clogging  it  was  necessary  to  spade  over 
the  surface  6  inches  deep  three  times  in  December.  It  appeared 
that  the  rale  of  filtration.  480,000  gallons  per  acre  daily  for  six  days 
in  a  week,  overtaxed  the  capacity  of  the  filter,  which  was  allowed 
to  rest  for  two  weeks  beginning  December  23.  The  results  are 
discussed  on  page  423. 

Effluent  from  Fitttr  No.  13  A. 
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FlLTEK  No.    14. 

This  filter  is  63  inches  deep  and  containB  sand  of  aD  effective  size 
of  0.48  millimeter.  On  Junu&ry  21,  1893,  the  upper  6  iocbea  of  par- 
tially clogged  and  dincolorod  sand  were  removed ;  the  next  7  loches 
were  taken  out  and,  after  putting  in  7  inches  in  depth  of  polarite, 
were  need  to  fill  the  filter  to  its  original  depth.  The  chief  experi- 
ment was  upon  the  removal  of  color  from  sewage  containing  dye- 
stuffs,  which  is  summarized  on  page  427. 

The  rate  of  filtration  was  160,000  gallons  per  acre  daily  for  six  days 
in  a  week  until  October  23  when  the  rate  was  doubled.  The  quality 
of  the  effluent  was  uniformly  good  until  the  middle  of  November, 
when  clogging  occurred  at  the  surface  of  the  polarite.  The  filter 
was  allowed  to  rest  from  November  16  to  December  4,  when  sewage 
was  again  applied  at  the  rate  of  160,000  gallons.  The  effluent  was 
well  purified,  but  clogging  began  to  gradually  reappear. 


EffltietU  from  Filler  So.  14. 

[Part*  per  100,000.] 
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FILTRATION  OF  SEWAGE. 


FlLTBB  No.  17  A. 
This  6lter  of  medium  fine  sand,  with  four  layers  of  marble  dust, 
received  during  the  entire  year  sewage  to  which  Bulphuric  acid  equal 
to  49  parts  in  100,000  of  actual  H,SOt  was  added.  The  rate  of  fil- 
tration was  60,000  gallons  per  acre  daily  for  six  days  iu  a  week. 
The  free  ammonia  in  the  effluent  began  to  increase  in  November, 
1892,  and  was  unusually  high  during  the  greater  part  of  1893.  This 
increase,  as  well  as  that  of  the  albuminoid  ammonia,  was  owing  to  an 
interruption  in  ventilation  caused  by  clogging.  To  remedy  this  the 
upper  layer  of  marble  dust,  about  3  inches  below  the  surface,  in  July, 
and  later  the  sand  above  this  layer,  were  replaced  with  new  materials. 
It  was  found  that  the  original  layer  of  marble  dust  bad  occasionally 
been  disturbed  in  the  weekly  raking  and  this  treatment  gave  only 
temporary  relief.  Clogging  again  occurred  in  September,  nitrifica- 
tion was  very  incomplete,  and  there  was  present  a  reducing  action, 
as  the  sand  down  to  tbe  second  layer  of  marble  dust  (12  inches)  was 
very  black  with  iron  sulphide.  A  thin  layer  wae  scraped  from  the 
surface  of  the  second  portion  of  marble  dust  in  October  and  the  old 
sand  replaced.  The  quality  of  tbe  effluent  steadily  improved  and  in 
December  was  excellent. 


Effluent  fttm  FiiUr  No.  17  A. 
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FlLTEE  No.  19. 
This  filter  of  medium  fine  sand  has  received  since  January  20, 
1893,  the  BUpernatant  liquid  from  sewage  which  was  allowed  to 
settle  for  four  hours  after  treatment  with  alum  at  the  rate  of  1,000 
pounds  per  million  gallons.  The  rate  of  filtration  was  120,000 
golloDB  per  acre  daily  for  six  days  in  a  week  up  to  June  12,  after 
which  the  rate  was  increased  from  time  to  time  until  it  became 
640,000  gallons  on  and  after  October  23.  From  April  to  August, 
inclusive,  the  quality  of  the  effluent  was  excellent,  but  the  ammonias 
began  to  increase  in  September  and  continued  to  do  so  during  the 
rest  of  the  year.  Since  October  23  the  surface  has  been  scraped  to 
relieve  clogging.  It  has  been  scraped  ou  an  average  once  in  ten 
days,  and  the  average  depth  removed  was  0.47  inch.  On  December 
2  and  12  the  surface  was  spaded  over,  6  inches  deep,  to  relieve 
clogging.  This  clogging  and  the  deterioration  in  the  quality  of  the 
effluent  indicated  that  this  high  rate  of  filtration  when  long  continued 
overtaxed  the  capacity  of  the  filter  which  was  allowed  to  rest  for 
two  weeks  beginning  December  23.  See  page  422  for  a  discussion 
of  these  results. 


Effluent  from  FtUer  No.  19. 
[Pan*  p«r  IM.iXii).] 
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FILTRATION   OF  SEWAGE. 


FiLTEE  No.  25. 
In  this  filter  was  baried  od  December  18, 1889,  the  carcass  of  a  dog 
above  5  feet  of  Band  and  loam  and  beneath  6  feet  of  sand,  loam  and 
soil,  as  was  described  in  the  Special  Report  upon  the  Purification  of 
Sewage  and  Water  (page  689).  Since  May  9,  1892,  city  water  has 
been  applied  at  the  rate  of  60,000  gallons  per  acre  daily  for  six  days 
in  a  week.  There  was  a  marked  improvement  in  the  chemical  quality 
of  the  effluent  in  1892,  but  the  numbers  of  bacteria  increased.  Id 
1893  there  have  been  no  marked  changes  in  the  chemical  character- 
istics of  the  effluent,  and  while  the  numbers  of  bacteria  have  been 
quite  variable,  they  have  averaged  considerably  lower  than  during 
the  latter  part  of  the  preceding  year.  The  effluent  has  been  uni- 
formly discolored  by  iron.  The  odor  and  turbidity  have  been  very 
much  less  marked  than  formerly,  but  are  still  perceptible. 


Effluent  from  FiUer  Ko.  2S. 
(Part*  per  lOO.MO.] 
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FiLTEE  No.  30. 

This  filter  coDtaioe  30  inches  in  depth  of  coarse  saod  of  an 
effective  size  of  0.48  millimeter.  It  has  received  sewage  at  a 
aniform  rate  of  55,800  gallons  per  acre  daily  for  six  days  in  a  week 
with  satisfactory  results.  No  disturbance  of  the  material,  other 
thaa  the  weekly  raking,  baa  taken  place  since  the  filter  waa  first  put 
Id  operation,  May  31,  1890. 


EjgiuerUfivm  Fitter  No.  30. 
[ParU  pw  100,000.] 
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FILTRATION  OF  SEWAGE. 


FlLTEB  No.   31. 

This  filter  contaitis  30  inches  in  depth  of  medium  fine  sand  of  an 
effectiye  size  of  0.17  millimeter.  It  has  received  sewa^  at  a  uniform 
rate  of  55,800  gallons  per  acre  daily  for  six  days  in  a  week.  The 
effluent  has  been  uniformly  well  purified.  No  disturbance  of  the 
material,  other  than  the  weekly  raking,  has  taken  place  since  the 
filter  was  first  put  in  operation  May  31,  1890. 


Effluent  frtim  Filler  No.  31. 

[FuU  twr  100,000.] 
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FlLTEE  No.  82. 
lliiB  61ter  contains  30  inches  in  depth  of  medium  fine  sand  of  an 
effective  size  of  0.17  millimeter.  It  received  the  superaabint  liquid 
from  sewage  treated  by  chemical  precipitation  like  that  applied  to 
No.  19  at  the  rate  of  1 12,000  gallons  per  acre  daily  for  six  itays  in  a 
week.  This  rate  was  doabted  on  June  12  and  thst  rate  doubled 
October  23  (446,000  gallons).  The  filter  became  closed  in  spite 
of  frequent  raking  and  scraping ;  this,  with  the  deterioration  in  the 
quality  of  the  effluent,  indicated  that  this  rate  of  filtration  overtaxed 
the  capacity  of  the  filter,  which  was  allowed  to  rest  for  two  weeks 
beginning  December  23. 


Effintnt  from  Filter  No.  32. 

(FarU  pat  100,001).] 
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FILTEATION  OF  WATER 


One  of  the  chief  objects  of  water  filtration,  in  most  cases,  is  a 
removal  of  the  disease-producing  germs.  The  investigations  by  the 
Board  in  1892  indicated  that  it  is  possible  to  construct  filters  which 
will  yield  2,000,000  gallons  of  water  per  acre  daily,  and  remove 
99.5  per  cent,  of  the  bacteria  in  the  applied  water.  The  investiga- 
tions were  continued  in  1893  with  the  view  to  learn  the  efficiency  of 
the  filters  as  they  continued  in  service,  and  also  to  learn  the  bacterial 
efficiency  of  filters  of  coarser  sands  operated  at  higher  rates  of  filtra- 
tion. 

The  general  plan  of  the  experiments  was  the  same  as  in  1892. 
Examination  of  the  bacterial  contents  of  the  river  water  and  of  the 
effluent  of  each  filter  were  made  daily  throughout  the  year.  Owing 
to  complications  from  freezing,  which  caused  the  formation  of  chan- 
nels at  the  sides  of  the  iron  filter  tanks  during  the  winter  months, 
and  to  the  evolution  of  air  by  the  saturated  water  within  the  filters, 
the  results  obtained  from  May  to  November,  inclusive,  alone  will  be 
discussed.  Beginning  May  12  B,  prodigiosus  was  regularly  applied 
to  the  filters  ten  hours  daily  and  the  effluent  of  each  filter  examined 
four  or  more  times  daily,  at  the  time  when  the  applied  water  con- 
taining this  germ  is  passing  through  the  outlet  pipes.  The  reason 
that  this  germ  was  used  is  because  it  is  easy  to  differentiate  it  from 
ordinary  water  bacteria  and  in  its  mode  of  life  in  the  river  water  it 
appears  to  be  very  similar  to  the  germ  generally  recognized  as  the 
cause  of  typhoid  fever.  In  the  table  below  is  given  a  summary  of 
the  results  obtained  from  the  several  filters.  In  the  case  of  the 
older  filters  (Nos.  18  A  to  42)  the  averages  include  all  of  the  results  ; 
in  the  case  of  the  remaining  (new)  filters  the  averages  include  all 
results  after  the  second  week  of  operation,  when  the  efficiency  in 
most  cases  became  normal.  The  diameter  of  all  of  these  filters  is 
twenty  inches  and  the  area  of  filtering  surface  is  equal  to  one  twenty- 
thousandth  of  an  acre.  A  detailed  account  of  these  results  will  be 
found  beyond. 
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The  results  show  that  — 

1.  The  bacterial  efficiency  of  the  older  filters,  all  things  con- 
sidered, was  as  satisfactory  in  1893  as  it  was  during  the  preceding 
year. 

2.  A  high  degree  of  bacterial  efficiency  was  attained  by  the  new 
filters  of  coarser  sand  and  operated  at  higher  rates  of  filtration. 

This  is  brought  out  more  clearly  by  the  following  table,  in  which 
are  summarized  the  results  obtained  from  the  newer  and  coarser  filters 
for  the  four  weeks  ending  December  2.  The  bacterial  averages 
include  the  results  of  all  examinations  in  each  case  and  represent  at 
least  four  samples  daily  taken  at  widely  difl*erent  hours.. 

Summary  of  Bacierud  ResuUs  obtained  from  Filters  Nos,  43-49,  with  Rates  of 

Filtration,  November  6  to  Dec.  2, 1893. 


ITUMBM  OV  FILTBK. 


Depth  of 
MaterUL 

IncbM. 


Metbod 

of 

Operation. 


43, 
44. 
45. 
46. 
47. 
48. 
49. 


60 
60 
60 
12 
60 
60 
60 


Contlouout. 

Continnons. 

Intermittent. 

Continnons. 

Intermittent. 

Intermittent. 

Contlnnous. 


ATcrage  Rate 
of  Filtration. 

Oallona  per 
Acre  Dally. 


7.660,000 

7,700.000 

8.740,000   { 
[6.640.000]  I 

S.700,000 

8.660.000  ) 

[6.406.000]  t 

2.000.000  { 

[5.075.000]  i 

5.660,000 


AVBRAOI  PBS  CBVT. 

07  MuMBaa  ov  Afplisd 

Baotsbia  which  ap- 
fbabad  xm  thb  evplubht. 


Water 
Bacteria. 


Baeilloa 
Prodlgloana. 


1.48 
1.19 
1.50 
2.84 
8.18 
1.88 
1.04 


0.171 
0.148 
0.210 
0.88T 

0.408 

• 

0.866 
0.188 


The  ratea  of  flltratioo  encloeed  within  the  braeketa  are  for  the  time  when  water  waa  actoally  ap< 
pUed:  the  other  ratea  are  averagea  for  the  whole  time,  inelndlng  the  perloda  of  rest. 


These  figures  show  that  very  good  results  were  obtained  from  the 
newer  experimental  filters  which  were  operated  at  much  higher  rates 
of  filtration  than  those  studied  in  1892.  This  is  particularly  the  case 
with  Filters  Nos.  43  and  44,  which  during  the  latter  part  of  Novem- 
ber were  operated  at  rates  of  more  than  9,000,000  gallons  per  acre 
daily,  with  a  removal  of  over  98  per  cent,  of  the  applied  water 
bacteria  and  over  99.5  per  cent,  of  the  applied  B.  prodigiosua. 
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The  Effect  upon  Bacterial  Purification  of  Rate  of   Fil- 
tration OF  Water. 

There  are  two  views  to  this  problem,  first,  the  effect  of  differences 
in  rates  of  filtration  where  the  rate  is  kept  constant  after  the  change 
has  once  been  made ;  and,  second,  the  effect  of  fluctuating  rates. 

It  is  thought  that  the  effect  of  changes  in  rates,  which  are  regularly 
maintained  after  the  change  is  made,  is  best  shown  by  taking  the 
average  monthly  results.  The  rates  of  filtration  of  the  several 
filters  were  very  seldom  changed  more  than  once  in  a  month ;  they 
were  not  changed  at  all  in  some  instances  and  all  changes  were 
moderate  ones.  When  we  consider  the  large  number  of  bacteria 
stored  in  the  sand  the  small  differences  in  the  number  of  bacteria  in 
the  applied  water  exert  usually  but  little  influence  upon  the  num1>ers 
in  the  effluent  and  the  results  are  therefore  expressed  in  numbers 
per  cubic  centimeter. 
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In  the  case  of  No.  18  A  the  number  of  bacteria  in  the  effluent 
increased  about  the  middle  of  July  after  removing  the  siphon  which 
delivered  the  water  in  one-quart  doses  onto  the  sand  about  once  in 
four  minutes  days,  nights  and  Sundays.  After  this  time  the  water 
was  applied  sixteen  hours  a  day  and  the  filter  allowed  to  drain  during 
the  remaining  hours.  Some  of  the  bacterial  increases  during  the 
summer  were  due  to  growths  or  to  conditions  favoring  longer  con- 
tinuance of  life  of  the  bacteria  in  the  sand.  This  was  more  marked 
in  continuous  than  in  intermittent  filters. 

In  some  cases  there  were  marked  increases  in  the  number  of 
bacteria  in  the  effluent,  evidently  not  due  to  changes  in  rates  of 
filtration,  and  which  at  present  cannot  be  fully  accounted  for.  In 
other  instances,  Kuch  as  Nos.  43  and  44,  an  increase  in  the  rate  was 
followed  at  times  by  no  increase  whatever  in  the  number  of  bacteria 
in  the  effluent ;  and,  when  studied  by  weeks»  some  of  the  results 
indicate  a  diminution.  These  results,  taken  all  together,  indicate 
that  in  the  process  of  water  filtration  there  exist  conditions  which 
•exert  more  influence  upon  the  bacterial  contents  of  the  effluent  than 
•do  diflferences  in  rates  of  filtration  within  moderate  limits.  Some  of 
the  conditions  appear  to  be  normal  to  the  oi)erations  of  these  experi- 
mental filters  while  others  are  not  yet  understood.  Upon  examina- 
tion of  the  results  obtained  at  the  highest  rates,  however,  it  will  be 
seen  that  the  bacterial  efficiency  diminishes  and  the  statement  made  in 
earlier  reports  that  low  rates  are  safer  than  high  rates  is  undoubtedly 
true.  Nevertheless,  up  to  a  certain  limit  the  rate  apparently  exerts 
very  little  influence,  and  this  limit  is  different  for  different  filters 
and  also  varies  with  other  conditions  in  the  case  of  the  same  filter. 


The  Lnmediaie  Effect  upon  Bacterial  Purification  of  Increasing  the 

Rate  of  Filtration. 

In  the  next  table  are  given  the  results  obtained  from  each  filter 
with  regard  to  this  point.  Fluctuations  in  the  rate  of  filtration  ap- 
pear to  be  an  important  feature  in  the  operation  of  some  of  the  older 
filters  in  Europe  and  the  following  results  have  been  obtained  at 
the  Experiment  Station  upon  this  subject.  The  number  of  bacteria 
per  cubic  centimeter  for  each  of  the  three  days  before  and  the  three 
days  afier  increasing  the  rate  of  filtration  are  given  in  each  case 
where  there  was  no  complication  such  as  the  effSect  of  8crmpiiig.  Id 
most  cases  the  rate  was  increased  and  practically  no  iDfbrmatioii  has 


No.  34.] 


FILTRATION  OF  WATER. 


beeo  obtained  at  to  the  effect  of  decreasing  tlie  rate.  As  the  changes 
were  usually  made  on  Monday  there  are  very  few  results  for  the  first 
day  before  increasing  the  rate. 
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These  results  show  that  in  a  majority  of  caseB  ao  increase  in  the 
number  of  bacteria  in  the  effluent  followed  ao  iocreaae,  within  these 
limits,  in  the  rate  of  filtration.  This  is  more  notioeable  in  filters  of 
coarse  material  than  in  those  of  fine,  and  shows  an  adTftoUge  of 
nnitbrmity  in  the  operation  of  water  filten. 
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The  Effect  of  Depth  of  Material  upon  Bacterial  Purifica- 
tion OF  Water. 

The  results  upon  this  point  are  as  follows  :  — 


KUMBIB  or  FlLTBB. 


Depth. 
Inches. 


EffeetiTe 
Size  of 
Orftln. 

MUItoeter. 


Period -1N9S. 


KUe. 

MilllOD 

Gallons 

per  Acre 

Dftiij. 


44, 
46, 

37. 
88, 
39, 
42. 


60 

0.29 

12 

0.29 

00 

0.29 

12 

'     0.29 

ICay  20  to  Deo.  2, 

Aug.  21  to  Dec.  2, 

Nov.    6  to  Deo.  2, 

Nov.    6  to  Deo.  2, 


4.9 
2.6 
7.7 
8.7 


AVBSAOK  Tbb  Cent,  or 

NuMBBB  or 

Applibd  Kactbbia 

WHICH  APPBABKO  IN  THB 

ErrLUBNTS. 


Water 
Bacteria. 


0.60 
0.99 
1.19 
2.84 


Bftclllas 
Prodiglosns. 


0.088 
0.169 
0.148 
0.337 


fi5 

0.20 

20 

0.20 

1 

0.20 

10 

0.20 

May  12  to  Jane  26, 

May  12  to  Deo.   2, 

May  12  to  Aug.  19, 

May  12toDoo.   2, 


2.4 

0.81 

2.2 

0.98 

1.7 

4.06 

1.9 

0.90 

0.010 
0.061 
0.762 
0.060 


The  results  obtained  from  Filters  Nos.  44  and  46  show  that  the 
deeper  filter  is  the  more  efiective,  although  the  filter  one  foot  deep 
gave  quite  satisfactory  results,  especially  at  the  lower  rate  of  filtra- 
tion. Upon  consideration  of  the  second  series  it  is  seen  that  No.  37, 
the  deepest  filter,  was  the  most  effective  while  the  shallowest  one» 
No.  39,  was  the  least  efficient  in  removing  bacteria.  No.  39  contained 
5  inches  of  underdrain  (stones,  gravel  and  coarse  sand)  in  addition 
to  the  inch  of  sand.  Of  the  two  filters,  Nos.  38  and  42,  20  and  10 
inches  deep,  respectively,  the  shallower  was  very  slightly  the  more 
efficient.  It  is  to  be  noted  that  when  the  filters  were  restored  to 
their  original  depth,  by  the  addition  in  some  cases  of  a  foot  of  sand, 
there  was  no  apparent  effect  upon  the  bacterial  contents  of  the 
effluents.  We  must  conclude,  however,  all  things  considered,  that 
while  very  satisfactory  results  may  be  obtained,  under  favorable 
conditions,  from  filters  one  to  two  feet  deep,  the  deeper  filters  are 
safer  than  the  shallower  ones. 
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The  Effect  op  Size  of  Sand  Grains  upon  Bacterial 

Purification. 

In  the  following  table  is  given  a  summary  of  the  results  obtained 
from  the  several  filters  during  the  month  of  November ,  this  month 
affording  the  fairest  comparison  because  the  conditions  were  then 
most  nearly  alike. 

Continuous  Fillers, 


NCMBBS  OF  FILTBK. 

Effecttre  Six« 
of  Grain. 

Millimeter. 

Rttlmated 
Maximum  lUte. 

Million  Gallont 
per  Acre  Dally. 

AvenffelUte. 

Million  Gal- 

lona  per  Acre 

DaUy. 

BaOTBUA  PBB  Ctmo  (*B3rn- 
MBTBB  IK  E^FLCBrra. 

Water  Bac- 
teria. 

B.  Prodlfloeat. 

83A 

38  (2  feet),    .... 

43, 

44, 

4» 

0.14 
0.20 
0.26 
0.29 
0.38 

16 
82 
63 
67 
116 

S.8 
8.4 
7.6 
7.6 
5.8 

29 
68 

124 
96 
71 

1 
6 

11 
9 

12 

InlemiiUenl  Fillers. 


« 

0.14 

16 

1.6 

10 

1 

45. 

0.23 

42 

t.6 

190 

12 

47 

0.29 

67 

8.6 

218 

2ft 

48 

0.38 

116 

S.9 

188 

23 

18A 

0.48 

184 

1.8 

167 

11 

These  results  indicate  that,  within  the  limits  in  sizes  of  sand 
grains  which  would  be  ordinarily  employed  in  filtration,  the  finer 
sands  are  slightly  more  eflScient  in  removing  bacteria  than  the  coarser 
ones.  It  appears,  however,  that  there  are  conditions  sometimes 
attending  the  process  of  filtration  which  disguise  and  at  times  com- 
pletely offset  the  slight  advantages  which  arise  from  fineness  of 
material. 


The  Effect  of  Scraping  Filters  upon  Bacterial  Purifica- 
tion OF  Water. 

It  was  shown  in  the  Annual  Report  for  1892  that  there  was  a  slight 
increase  in  the  number  of  bacteria  in  the  efiBluent  after  a  filter  had 
been  scraped.    The  method  of  scraping  the  continaoos  filters  followed 
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in  1892  was  practised  id  1893  until  NoTember  1,  as  follows:  the 
water  nbove  the  sand  was  siphoned  off  aad  the  filter  allowed  to  drain 
UQtil  the  water  stood  about  an  inch  beluw  the  surface  of  the  sand. 
The  outlet  was  then  closed,  the  surface  scraped  and  water  applied 
slowly  from  the  top.  The  iutermitteut  filters  were  scraped  after 
draining.  In  the  table  below  is  given  a  summary,  up  to  November, 
of  the  number  of  bacteria  in  the  effluent  during  each  of  the  three 
days  before  and  three  days  after  scraping,  and  also  of  the  remaining 
days  of  each  period  between  scrapinge.  In  some  instances  the 
fitters  were  scraped  about  once  a  week  and  nearly  all  of  the  results 
are  contained  under  the  headings,  three  days  before  and  three  days 
after  scraping ;  under  these  circumstances  a  representative  result 
for  the  time  midway  between  scrapings  is  given  under  the  column, 
remaining  days. 


Summary  of  the  Average  BeatilU  of  the  Number  of  Bacteria  per  Oubic  Centi- 
meter in  the  Effluent  of  each  Fitter  during  Liferent  Portitma  of  each  Period 
between  Sorapinga. 
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The  average  results  from  all  of  the  filters  iDdicate  that  there  was 
a  very  alight  decrease  in  bacterial  efficieacy,  after  scraping,  by  the 
method  of  operation  practised.  Taking  the  results  individually  it 
was  found  that  out  of  118  scrapings  an  increase  in  the  number  of 
bacteria  in  the  eflluents  just  after  scmping,  above  that  accounted  for 
by  the  ordinary  bacterial  fluctuations,  occurred  in  the  case  of  the 
water  bacteria  46  times  and  in  the  case  of  B.  prodigiosus  55  times. 
Almost  without  exception  the  increase  in  number  of  bacteria  was 
very  alight,  as  will  be  aeeo  in  the  table  below,  which  contains  the 
results  obtained  from  each  filter  when  the  eflect  of  scraping  was 
most  marked.  In  the  second  table  beyond  are  given  the  results 
when  the  effect  of  scmping  was  the  least  marked  in  the  case  of  each 
filter.  During  the  period  in  which  the  results  given  in  these  tables 
were  obtained  the  water  bacteria  in  the  applied  water  averaged 
10,500  and  the  B.  prodigiosus  T.OOO  per  cubic  centimeter. 


Ti^h  thowing  the  Number  of  Sacleria  per  Cubic  CenlimeUr  in  Ike  Kffitunt  of 
Each  Filler  during  Different  Porlioni  of  the  Period  between  Serapingt  ichen 
the  Effect  of  Scraping  wa»  Moil  Marked. 
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ToMe  thoioing  the  Number  of  Bacteria  per  Cubic  Centimeter  in  the  Effluent  of 
Each  Filter  during  Different  Porliom  of  the  Period  between  Scraping*  when 
the  Effect  of  Scmping  teat  Least  Marked. 
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The  Effect  upon  Bacterial  PcntiFiCATioif  of  distusbiko  the 
UPPER  Twelve  Inches  of  Filters  of  Fine  Material. 

Filters  No.  33A  (coDtiouous)  aocl  41  (iatermittent),  coutaining 
48  iaches  io  depth  of  sand  of  an  effective  aize  of  0.14  millimeter, 
were  Bcraped  on  July  17,  after  drainiDg.  This  sand  is  so  fine  that 
the  lower  portion  of  the  filter  remains  saturated  after  draining.  The 
up[>er  12  inches  of  muterial  were  taken  out  and  replaced.  Water 
was  applied  at  the  top  of  the  continuous  filter,  with  the  outlet 
closed,  and  after  the  surface  was  covered  the  faucet  below  was 
opened  to  give  the  usual  rate  of  two  million  gallons  per  acre  daily. 
The  faucet  of  the  intermittent  filter  was  kept  wide  open  and  the  rate 
of  filtration  regulated  at  the  top. 

Id  the  following  table  are  given  the  bacterial  results  from  these 
filters  for  the  week  preceding  and  the  week  following  this  treatment. 
No  £.  prodigiosus  was  applied  on  July  17  ;  the  results  on  that  day 
represent  drainings.  On  all  other  days  the  results  are  averages 
et  fbar  examinationB. 
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Bacteria  per  Oubie  Centimeter. 
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The  Effect  upon  Bacterial  Purification  of  Removing  an  Inch 
Later  of  Loam  Two  Inches  below  the  Surface  of  an 
Intermittent  Filter  of  Medium  Fine  Sand. 

Filter  No.  35  A  contained  48  inches  in  depth  of  sand  of  an 
effective  size  of  0.20  millimeter.  After  draining,  on  July  17  the 
surface  was  scraped,  the  loam  layer  2  inches  below  the  surface  taken 
out  and  the  sand  replaced.  The  faucet  below  was  kept  wide  open 
and  the  rate  of  the  applied  water  regulated  at  the  top.  The  bacterial 
results  before  and  after  this  treatment  were  as  follows :  — 

Bacteria  per  Cubic  CerUimeter. 
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The  results  presented  in  the  last  two  tables  indicate  that  a  slight 
decrease  in  bacterial  efficiency  follows  a  mechanical  distarbaDce  of 
the  upper  portion  of  fine  filters  and  the  removal  of  a  layer  of  fine 
loam.     From  our  general  knowledge  of  the  efficieocgr  of  ootraer 
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filters  it  is  probable  that  in  such  cases  the  diminution  would  be 
more  marked.  The  effect  of  mechanical  disturbance  is  brought  out 
most  clearly  by  the  results  obtained  from  Filters  Nos.  3  B  and  8  A. 
These  filters  are  one  two-hundredth  of  an  acre  in  area  and  contain 
five  feet  in  depth  of  sand  of  an  effective  size  of  0.23  millimeter. 
Filter  No.  3  B  has  been  operated  intermittently  at  an  average  rate  of 
two  million  gallons  per  acre  daily  since  September  23,  as  follows :  at 
5  A.M.  the  gate  on  the  outlet  pipe  is  closed  and  the  water  turned 
on  at  the  top  near  the  edge.  When  the  filter  is  covered  (about  7.30 
A.M.)  the  gate  on  the  outlet  pipe  is  opened  to  give  the  prescribed 
rate  of  filtration,  and  the  surface  is  kept  covered  until  9  p.m.  when 
the  water  is  shut  off  and  the  filter  allowed  to  drain  during  the  night. 
No.  8  A  has  been  operated  continuously  since  September  26  at  a 
constant  rate  of  two  million  gallons  per  acre  daily.  While  the  passage 
of  water  through  No.  8  A  is  uniform  and  causes  no  disturbance  of  the 
sand,  the  peculiar  method  of  daily,  filling  in  No.  3  B  drives  out  a 
large  part  of  the  air  contained  in  the  sand  and  causes  more  or  less 
disturbance  of  the  sand  at  the  surface.  That  this  disturbance  of  the 
surface  is  due  to  the  escape  of  air  from  the  sand  can  be  readily  seen 
from  inspection,  and  is  further  indicated  by  the  fact  that  up  to 
January  1,  No.  8  A  was  scraped  three  times  to  relieve  clogging, 
while  No.  3  B  was  not  scraped  at  all  during  this  period,  although  it 
yielded  as  much  water.  In  the  table  below  are  given  the  average 
results  of  daily  bacterial  examinations  of  samples  taken  at  different 
hours  during  the  day  from  the  eflSuent  of  each  filter,  from  October 
30  to  December  8.  The  pumber  of  bacteria  per  cubic  centimeter  in 
the  applied  water  averaged  8,800  during  this  period. 

Bacteria  per  Cubic  Centimeter » 
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8.63 

286 
8.25 
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2.10 
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1.50 

104 
1.18 
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1.85 

126 
1.48 

103 
1.17 

The  diminished  efficiency  of  No.  3  B  in  the  forenoon  appears  to  be 
due  to  the  mechanical  disturbance  of  the  main  body  of  the  sand  by 
the  escaping  air. 
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The  Effect  upon  Bacterial  Purification  of  Freezing  the 

Surface  Layers  of  a  Filter. 

The  freezing  of  the  upper  layerd  of  a  filter  which  has  been  drained 
also  appears  to  aid  in  causing  the  passage  of  more  bacteria  through 
the  filter.  The  weather  during  the  second  and  third  week  in  Decem- 
ber was  very  cold  and  the  surface  of  No.  3  B  froze  during  the  night 
after  draining.  The  last  week  in  the  month  was  much  warmer. 
Upon  comparison  of  the  results  below  with  those  presented  above 
it  will  be  seen  that  No.  3  B  was  less  eflScient  than  usual  during  the 
severe  weather,  but  the  results  became  normal  again  when  warmer 
weather  appeared. 
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Effect   upon  Bacterial  Purification  of  Rapidly  Filling 

Filters  from  Below  after  Draining. 

During  November  several  of  the  small  filters,  when  their  pores 
contained  more  or  less  air,  were  filled  from  below  with  filtered 
water.  It  is  not  known  definitely  how  fast  the  water  flowed  into 
the  filters,  but  in  a  majority  of  cases  the  rate  was  high,  —  probably 
equivalent  to  5,000,000  gallons  per  acre  daily  or  more. 

More  information  is  needed  upon  this  point,  but  from  the  results 
given  below  it  is  clear  that  by  rapidly  filling  a  filter  from  below  it 
is  possible  to  disturb  the  sand  so  that  the  bacterial  efficiency  will  be 
much  diminished  upon  resuming  filtration. 

In  the  case  of  the  several  filters  in  question  the  numbers  of 
bacteria  in  the  efiiuents  during  the  three  days  before  and  three  days 
after  filling  from  below  are  as  follows :  — 
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Average  DaUy  Nttmberi  of  Bacteria  per  Cubic  CetUimeUr. 
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In  some  instances  only  a  very  small  portion  of  water,  applied 
after  the  filter  was  put  in  operation  after  filling  from  below,  appeared 
during  that  day  as  effluent.  Under  such  circumstanceu  the  bacteria 
were  lower  than  on  the  following  day. 

Some  experiments  have  been  made  upon  Filter  No.  8  A,  in  which 
the  filter,  after  scraping,  was  filled  from  below  with  city  (filtered) 
water  at  a  rate  not  exceeding  1 ,500,000  gallons  per  acre  daily.  The 
results  thus  far  obtained  indicate  that  no  diminution  in  the  bacterial 
efficiency  follows  this  operation. 

Conclusions. 
From  the  evidence  at  hand  it  appears  fair  to  conclude  that  — 

1.  No  appreciable  diminution  in  the  bacterial  efficiency  of 
the  experimental  filters  followed  scraping,  provided  there  was  no 
mechanical  disturbance  of  the  main  body  of  the  sand. 

2.  Filters  may  be  scraped  without  interfering  with  their  bacterial 
efficiency  by  draining  the  water  slightly  below  the  surface  of  the 
sand  and,  after  scraping,  slowly  filling  from  the  top. 

3.  Filters  may  be  drained  and  slowly  filled  from  below,  after 
scraping,  without  diminishing  their  bacterial  efficiency. 

4.  When  filters  are  drained  and  filled  quickly  from  below,  after 
scraping,  there  is  an  increase  in  the  number  of  bacteria  in  the  effluent. 

5.  When  filters  are  drained  and  filled  rapidly  from  the  top  a 
disturbance  of  the  sand  follows  in  the  case  of  some  of  the  experi- 
mental  filters,  which  causes  a  dimination  in  the  bacterial  efficiency. 
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The  Effect  upox  Bacterial  Purification  of  the  Amount  of 

Loss  OF  Head. 

In  some  places  abroad  it  is  believed  that  the  bacterial  efSciency 
of  a  filter  decreases  as  the  loss  of  head  increases  beyond  a  certain 
limit.  For  this  and  other  reasons  several  of  the  most  recently  con- 
structed water  filters  in  Germany  are  so  arranged  that  the  available 
head  is  very  much  less  than  the  total  depth  of  water  and  sand  ;  in  fact, 
in  some  instances  the  available  head  is  less  than  2.5  feet.  The  Law- 
rence results  obtained  in  1892  have  been  arranged  to  throw  light  upon 
this  subject  and  are  presented  in  the  table  below.  In  all  cases  these 
filters  were  scra{)ed  when  the  loss  of  head  equalled  the  total  depth  of 
sand  and  water ;  and  it  was  just  before  scraping,  of  course,  that  the 
loss  of  head  approximated  the  maximum.  The  next  table  shows 
the  average  number  of  bacteria  per  cubic  centimeter  in  the  effluent 
during  the  three  days  before  and  the  three  days  after  scraping  each 
filter,  as  well  as  the  numbers  during  the  intermediate  days,  that  is, 
the  remaining  day»  of  each  period  between  scrapings.  Owing  to 
the  growth  of  bacteria  in  some  of  the  filters  during  mid-summer 
(see  Annual  Report  for  1892,  page  530)  the  results  are  divided 
into  three  periods,  viz. :  spring,  summer  and  fall.  It  may  also  be 
stated  that  the  numbers  of  bacteria  in  the  effluents  during  each  of 
the  three  days  before  scraping  were  substantially  the  same  with  the 
exception  of  a  few  instances  in  mid-summer  when  the  bacterial 
growths  occurred. 

Summary  of  Restdls  showing  UnifomiUy  of  Bacterial  Purification  by  Water  Filters 

during  Periods  between  Scrapings — 1892. 
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These  results  show  that  during  the  spring  and  fall  there  was  no 
diminution  in  the  bacterial  efficiency  of  these  experimental  filters 
as  the  loss  of  head  approached  and  reached  the  maximum  (total 
depth  of  water  and  sand)  ;  neither  was  there  any  apparent  diflTerence 
in  this  regard  between  those  filters  which  had  a  maximum  loss  of  head 
of  70  inches  and  those  in  which  the  maximum  loss  was  less  than 
half  of  this  amount.  It  will  be  seen  that  during  midsummer  the 
highest  number  of  bacteria  in  the  efiluent  in  some  cases  did  appear 
when  the  loss  of  head  was  greatest.  This  was  undoubtedly  due  to 
the  conditions  existing  in  the  filter  which  favored  the  continuance 
of  life  and  growth  of  certain  species  of  bacteria,  and  the  high  num- 
bers occurred  just  before  scraping  and  when  the  loss  of  head  was 
greatest,  because  the  accumulation  of  organic  matter  (food)  was 
largest  at  that  time. 

The  average  results  obtained  from  all  of  the  small  water  filters  in 
1893  with  regard  to  this  point  are  presented  in  the  table  on  page 
463.  These  averages  contain  all  results,  including  those  of  mid- 
summer, when  the  abnormal  growth  of  bacteria  occurred  within  the 
filters.  This  growth,  however,  was  much  less  marked  than  in  1892. 
The  final  averages  for  1893  confirm  the  results  obtained  during  the 
preceding  year  and  show  clearly  that  with  these  experimental  filters, 
under  the  existing  methods  of  operation,  there  is  ordinarily  no  ap- 
preciable diminution  in  the  bacterial  efficiency  caused  by  increases 
in  loss  of  head  up  to  70  inches. 

In  the  case  of  the  continuous  Filter  No.  8  A  (one  two-hundredth 
of  an  acre  in  area)  there  were  several  occasions,  notably  December 
1  and  29  (see  beyond),  when  the  number  of  bacteria  increased  in 
the  effluent,  just  before  scraping,  and  the  loss  of  head  reached  the 
total  depth  of  the  filter.  There  was  no  trap  on  the  outlet  pipe  of 
this  filter,  and  the  bacteria  in  the  effluent  did  not  increase  until  the 
loss  of  head  had  practically  reached  the  maximum  and  when  there 
was  not  enough  pressure  on  the  open  gate  to  cause  the  prescribed 
quantity  of  effluent  to  pass.  Under  these  circumstances  air  entered 
the  filter  through  the  outlet  pipe,  and  the  water  probably  filtered 
through  the  sand  in  certain  places  of  least  resistance  at  a  relatively 
high  rate.  It  is  believed  that  these  results  are  very  exceptional  and 
caused  by  the  entrance  of  air  from  below  through  the  untrapped 
outlet.  It  is  of  importance  to  note  that  the  bacterial  results  were 
normal  so  long  as  there  was  any  pressure  upon  the  outlet  gate  in 
excess  of  that  necessary  for  the  passage  of  the  prescribed  quantity 
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of  water.  Furthermore,  the  outlet  was  kept  trapped  at  later  dates 
and  no  increase  in  the  numbers  of  bacteria  in  the  effluent  whs 
found  just  before  scraping,  although  the  scraping  was  deferred  until 
the  filter  ran  nearly  dry. 

It  is  also  to  be  noted  that  in  the  case  of  the  Lawrence  city  filter 
during  January  and  February  (see  tables  beyond)  the  number  of 
bacteria  in  the  efiluent  remained  reasonably  constant  up  to  February 
19,  the  date  when  scraping  in  sections  began,  although  the  loss  of 
head  increased  from  3  to  7.6  feet. 


The  Effect  upon  the  Bacterial  Purification  of  the  Method 

OF  Application  of  Water. 

In  comparing  the  efficiency  of  the  intermittent  with  that  of  the 
continuous  filters  it  is  to  be  kept  in  mind  that  several  dificrent  ways 
have  been  employed  for  allowing  the  entrance  of  air  into  the  pores 
of  the  intermittent  water  filters.  In  most  cases,  up  to  October  1, 
1893,  the  outlets  of  the  intermittent  filters  have  been  untrapped 
and  kept  wide  0[>cn,  while  the  rate  of  filtration  of  water  has  been 
regulated  at  the  inlet  on  the  surface ;  these  filters  have  been  worked 
sixteen  hours  a  day  on  six  days  in  a  week  and  allowed  to  drain  the 
remainder  of  the  time.  Other  filters,  such  as  the  older  ones.  No. 
18  A  and  20  A,  also  had  the  outlet  untrapped  and  wide  open,  but 
received  the  contents  of  a  small  reservoir  which  was  automatically 
discharged  upon  the  surface  at  frequent  and  regular  intervals,  days, 
nights  and  Sundays.  Beginning  October  1,  1893,  all  of  the  inter- 
mittent filters  have  been  operated  as  follows :  at  5  a.m.,  after  drain- 
ing, the  untrapped  outlet  has  been  closed  and  the  water  turned  on 
at  the  top,  which  forces  out  the  air  at  the  surface.  When  the  sur- 
face is  covered  and  the  air  driven  out  of  the  pores  of  the  sand 
(about  7.30  a.m.)  the  gate  on  the  outlet  pipe  is  opened  to  give 
the  prescribed  rate  j^nd  the  surface  kept  covered  with  water.  At  9 
P.M.  the  water  is  shut  ofi*  at  the  top  and  the  filter  allowed  to  drain 
over  night.  In  this  method  of  operation  there  are  two  features 
which  are  not  necessarily  a  part  of  intermittent  filtration. 

I.  The  actual  rate  of  filtration  during  the  hours  the  filter  was 
operated  was  50  per  cent,  higher  than  the  average  rate  for  twenty* 
four  hours  in  order  that  the  yield  of  efiluent  in  sixteen  houra  should 
equal  that  of  the  continuous  mate  in  twenty-fonr  hoora. 
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The  exclusion  of  air  from  the  pores  of  the  sand  by  the 
manner  of  filling  the  filters  and  the  resulting  disturhance  of  the 
surface  by  the  escaping  air. 

Id  studying  the  results  obtained  from  the  several  pairs  of  in- 
termittent and  continuous  filters,  which  are  presented  below,  the 
different  methods  of  operation  of  the  intermittent  filters  are  not 
to  be  forgotten,  and  are  as  follows :  up  to  October  1  and  from 
November  21  to  30  the  intermittent  filters,  Nos.  41,  45,  47  and  48, 
were  operated  sixteen  hours  a  day  on  six  days  in  a  week,  with  the 
outlet  untrapped  and  wide  open  and  the  rate  of  filtration  regulated 
at  the  inlet  at  the  surface.  During  the  rest  of  the  period  covered 
hy  these  results  the  untrapped  outlet  was  closed  after  draining  and 
water  applied  at  the  top ;  when  the  8m-&ce  was  covered  the  outlet 
was  opened  to  give  the  prescribed  rate. 


TabU  ihotoing  a  Cotnpariton  of  the  Number  of  BaeUria,  per  Cubic  Ceniimeltrf 
arranged  at  Weekly  Averages,  in  the  Effluents  of  each  Pair  of  Continuous  and 
Intermittent  Fitters. 
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The  results  obtained  from  Filters  Nos.  3  B  and  8  A  are  instroctiTe 
in  this  connection  ;  the  summarized  and  detailed  results  are  given  in 
tables  which  may  be  found  beyond. 

The  results  at  hand,  obtained  from  the  several  pairs  of  continaoas 
and  intermittent  filters,  show  — 

1.  That  in  the  case  of  the  filters  of  very  fine  sand  (in  whldi  there 
is  a  saturated  layer  of  considerable  depth)  the  bacterial  efficiency  was 
substantially  the  same  by  each  method  employed  in  the  application 
of  water  during  the  greater  part  of  the  period,  but  during  mid- 
summer (July  24  to  September  2)  the  continuous  filter  allowed  a 
few  more  of  the  hardy  water  bacteria,  but  not  of  J8.  prodigiasuSj  to 
pass  through. 

2.  That  with  filters  of  coarser  sands,  operated  at  comparatively 
high  rates,  the  continuous  filters  were  ordinarily  more  efiicient  in 
removing  bacteria  than  the  intermittent  filters  under  the  existing 
methods  of  operation.  The  reason  of  this  is  that  the  actual  rate  of 
(flow  was  lower  and  more  uniform  and  there  was  no  mechanical  dis- 
turbance of  the  sand  as  was  the  case  during  the  greater  part  of  the 
period  with  the  intermittent  filters,  owing  to  the  manner  of  filling 
.and  driving  out  the  air  at  the  surface. 


Chemical  Puritication  of  Water  by  Filtration. 

The  results  of  the  chemical  analyses,  from  May  to  November, 
inclusive,  indicate  that  on  an  average  45  per  cent,  of  the  total 
albuminoid  anmionia,  of  which  15  to  20  per  cent,  is  usually  in  sus- 
pension, in  the  applied  river  water  appeared  in  the  effluents.  The 
total  albuminoid  anmionia  of  the  river  water  which  appears  in  the 
efiluents  ordinarily  ranges  from  35  to  60  per  cent. ;  the  extremes  are 
30  and  70  per  cent. 

A  comparison  of  the  efficiency  with  regard  to  the  removal  of 
organic  matter  of  filtration  under  dififerent  conditions  is  presented 
below.  For  details  regarding  methods  of  operation  and  results  of 
analyses  see  pages  beginning  with  488. 
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Table  showing  Per  Cent.  ofAUniminoid  Ammonia  in  Applied  Water  which 
in  the  several  Effluents  at  Different  Rates  of  Filtration. 
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In  filters  of  these  materials,  and  in  whicli  nitrification  is  well 
established,  the  rate  of  filtration,  within  these  limits,  appears  to 
exert  rery  little  or  no  influence  upon  the  removal  of  organic  matter. 


affect  of  Size  of  Sand  Grain. 
The  results  obtained  in  October  and  November  were  selected  for 
the  following  table  because  they  were  obtained  under  comparable 
iwDditions. 
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/.    CorUinuoua  FiUtrs. 
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In  continuous  and  intermittent  filtration,  through  materials  of 
these  limits  in  effective  size  and  under  the  given  conditions  of 
operation,  there  was  no  marked  difference  in  the  amounts  of  organic 
matter  removed  from  the  applied  water  by  the  filters  which  were 
filled  with  sand  of  different  effective  sizes. 


Effect  of  Depth  of  Material. 
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There  was  practically  no  difference  in  the  power  of  removal  of 
organic  matter  from  the  river  water  by  the  several  filters  of  each 
series.  It  is  to  be  remembered  that  in  addition  to  the  sand  each 
filter  contained  5  inches  of  underdrains. 

In  1892  the  results  obtained  from  the  first  series  of  filters  indicated 
that  the  deeper  were  somewhat  more  effective  than  the  shallower 
filters.  It  is  believed  that  the  1893  data  are  fiiirer  because  they  were 
- '  '  '  »fld  under  strictly  couvpaTiVAe  ^oxidixioxi^* 
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Effect  of  the  Method  of  Application  of  Water. 

In  the  Annual  Report  of  the  Board  for  1892  (page  466)  it  was 
shown  that  there  was  practically  the  same  amount  of  free  and  albu- 
minoid ammonia  in  the  effluents  of  the  continuous  and  the  intermit- 
tent filters.  The  nitrates,  however,  were  higher  in  the  effluents  of 
the  latter. 

It  is  to  be  again  stated  that  it  is  necessary  to  consider  the  differ- 
ent methods  practised  in  running  the  intermittent  filters,  and  the 
peculiar  features  of  each.     In  this  connection  see  page  472. 

Nearly  all  of  the  samples  of  effluents  of  intermittent  filters  analyzed 
during  1892  were  collected  within  two  or  three  hours  of  the  time 
when  the  effluent  began  to  flow  after  the  interval  of  rest.  The 
results  of  the  analyses  of  more  extended  series  of  samples  col- 
lected during  different  hours  of  the  day  in  1893  show  that  such 
samples  in  a  majority  of  cases  are  not  representative  with  respect  to 
the  nitrates  in  the  case  of  the  effluents  of  intermittent  filters  under 
the  existing  method  of  operation.  The  variations  are  shown  by  the 
representative  analysis  given  below  of  samples  from  No.  41,  taken 
on  September  20.  This  filter  was  operated  sixteen  hours  a  day  with 
the  faucet  below  always  open  and  unt rapped,  the  rate  regulated  at 
the  top  and  the  filter  allowed  to  drain  during  the  remaining  hours. 
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While  it  is  seen  that  there  is  a  marked  variation  during  the  day 
in  the  nitrates  of  the  eflluent  of  this  intermittent  filter  under  the.se 
conditions  of  operation  there  is,  under  ordinary  circumstances,  sul)- 
stantially  no  change  in  the  effluent  of  continuous  filters.     This  is 
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shown  by  the  following  table  in  which  are  given  the  average  results 
of  three  sets  of  samples  collected  at  9  a.m.  and  3  p.m.  from  the  efflu- 
ent of  No.  33  A  the  mate  of  No.  41. 


[Parts  per  100,000.] 


Color. 

Ammovia. 

Chlorine. 

MITBOOUI  AS          ! 

OXTfltB 

HOUB. 

FrM. 

▲IbumlnckU 

NItrmtet. 

Kltntet. 

Coo- 

V  A.ll'f      t              *              •             a 

S  P«X»|     •         *         •         . 

.87 
.28 

.0017 
.0010 

.0110 
.0110 

.20 
.80 

.0250 
.0250 

.0000 

•0000 

.29 
.U 

In  the  table  below  are  given  the  average  ^results  obtained  in 
October  and  November  from  the  effluent  of  four  pairs  of  continuous 
and  intermittent  filters.  The  intermittent  filters  were  operated  six- 
teen hours  daily,  six  days  in  a  week,  with  the  outlets  untrapped  and 
closed  while  the  filters,  after  draining,  were  filled  with  water  from 
the  top.  After  the  air  was  driven  from  the  pores  and  the  surface 
covered  the  outlet  gate  was  opened  to  give  the  prescribed  rate  of 
flow.  Samples  were  collected  at  different  hours  during  the  day  from 
the  effluent  of  the  intermittent  filters,  and  it  is  believed  that  the 
results  below,  which  correspond  to  the  results  of  the  analyses  of 
samples  collected  four  to  six  hours  after  the  period  of  rest»  are 
representative  for  the  period. 

CwUiniwus  FiUera. 


KUMBBB  OV  FiLTU. 


Effective 

Slseofttend 

Grain. 

Millimeter. 


Average  Rate  of 
Filtration. 

MllUon  Gallon* 
per  Acre  DaUjr. 


Percent 
of  AlbsmlnoM 

Ammonia  In 
Applied  Water 
wbidi  appeared 

tnXlHtMDt. 


Per  Cent  of 

Oxygen 

Oonsimicdbi 

Applied  Water 

whkh  Appeared 

iBlcaMat. 


Xttroftrnaa 
liltratee. 

(Parts  per 

.) 


83  A, 
48,  . 
44,  . 
40,. 


.14 

.20 
.20 
.88 


2.4 
0.2 
6.7 
4.0 


44. 

40. 
40. 
40. 


ye. 

TS. 
80. 
78. 


.0»«0 
.OMO 


Intermittent  Filters, 


41.  . 

46,  . 

47,  . 

48,  . 


.14 
.23 
.20 
.88 


1.7 
2.7 
2.7 
2.4 


48. 

80. 
80. 
87. 


78. 
TO. 

Te. 


.0280 
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These  results  indicate  that  during  these  months  there  was  practi- 
cally no  difference  in  the  average  chemical  purification  effected  by  the 
continuous  and  intermittent  filters  under  existing  conditions  of  oper- 
ation. The  most  substantial  confirmation  of  this  is  that  Filters  Nos. 
33  A  and  41,  a  pair  which  had  been  operated  over  a  year  and  a  half, 
contained  substantially  the  same  amount  of  organic  nitrogen  in  the 
sand  on  December  8,  at  the  end  of  the  period  covered  by  the  analy- 
ses presented  above.  The  amount  of  organic  matter  in  the  sand 
removed  by  scraping  was  also  the  same  (see  tables,  pages  484-486). 

During  the  period  of  rest  (8  hours)  in  the  intermittent  filters  for 
the  greater  part  of  the  year  there  was  increased  nitrification  of  the 
organic  matter  stored  in  the  sand ;  when  water  was  again  applied  the 
nitrates  formed  during  the  period  of  rest  were  gradually  washed  out, 
giving  a  higher  quantity  for  several  hours  than  is  found  in  the  efflu- 
ents of  continuous  filters.  After  a  time,  depending  upon  the  rate 
of  flow,  these  high  nitrates  fall  to  the  normal.  The  reason  that  the 
continuous  filtration  of  water  is  successful,  while  with  sewage  this 
method  is  a  failure,  is  that  the  applied  water  contains  dissolved 
oxygen  and,  as  will  be  seen  from  the  table  (page  482),  the  dis- 
solved oxygen  in  the  effluents  of  the  continuous  filters  has  never 
been  found  wanting.  It  is  to  be  remembered  in  this  connection 
that  it  was  shown  in  the  Special  Report  upon  Purification  of  Sew- 
age and  Water,  1890,  page  730,  that  a  small  amount  of  oxygen  (1 
to  3  per  cent.)  in  the  air  of  the  filter  was  effective,  provided  the 
air  was  changed  so  often  that  some  oxygen  was  always  present  at 
every  point. 

The  results  presented  above  are  for  the  fall  months,  and  it  is  be- 
lieved that  they  are  representative  for  the  spring  months  also.  But 
the  evidence  at  hand  indicates  that  the  results  are  different  in  the 
warmest  summer  weather  and  in  the  severest  winter  weather. 

In  mid-summer  the  conditions  for  nitrification  appear  to  be  the 
most  favorable  both  in  continuous  and  intermittent  filters  but  it  is 
more  marked  in  the  case  of  the  latter.  This  is  brought  out  by  the 
following  table  of  monthly  averages  of  effluents  of  Filters  Nos.  33  A 
and  41  and  by  a  series  of  analyses  of  the  effluents.  It  will  be  noted 
that  high  nitrates  in  the  effluent  of  the  intermittent  filter  (outlet 
untrapped  and  kept  wide  open)  were  found  when  the  quantity  of 
effluent  yielded  after  the  period  of  rest  exceeded  the  quantity  of 
water  held  in  the  pores  of  the  sand.  In  the  case  of  the  continuous 
as  well  as  of  the  intermittent  filter  the  effluent  contained  at  times 
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more  nitrogen  than  the  applied  water,  showing  a  removal  of  organic 
matter  stored  in  the  sand.  In  most  instances  the  samples  from 
No.  41  were  collected  at  2  p.m.  when  series  of  samples  were  not  taken. 

Monthly  Averages  of  Chemical  Analyses. 

[Parta  per  100,000.] 

June,  1893, 


July,  1893. 


August,  1893. 


Color. 

Ammoiiia. 

Chlorine. 

NlTaOOBll  A8         1 

Oxjgen 
eoa- 

iUUMd. 

Free. 

Albuminoid. 

Nltratee. 

Nltrttet. 

Effluent  of  Plltor  No.  83  A, 
EfflueDt  of  Filter  No.  41, . 
Applied  water,  . 

.28 
.80 
.87 

.0011 
.0014 
.0076 

.0087 
.0104 
.0222 

.16 
.16 
.17 

.0885 
.0266 
.0180 

.0000 
.0000 

.0000 

.20 
.80 
.40 

Effluent  of  Filter  No.  88  A, 

.22 

.0015 

.0096 

.10 

.0847 

.0000 

.21 

Effluent  of  Filter  No.  41, . 

.21 

.0027 

.0105 

.20 

.0407 

.0000 

.22 

Applied  water, . 

.86 

.0100 

.0250 

.10 

.0200 

.0002 

.84 

Effluent  of  Filter  No.  83  A, 

.17 

.0028 

.0008 

.20 

.0207 

.0018 

.16 

Effluent  of  Filter  No.  41, . 

.17 

.0018 

.0097 

.90 

.0864 

.0000 

.16 

Applied  water,  . 

.29 

.0108 

.0268 

.20 

.0180 

.0001 

.28 

BesuUs  of  a  Series  of  Chemical  Analyses  on  August  22, 1893. 

[Parte  per  100,000.] 


Hour. 


Effluent  of  Filter  No.  41  (inter- 
mittent) . 


Effluent  of  Filter  No.  83  A  (con- f 
tlououe).  I 

Applied  water,      .... 


9.60  a.m. 
1.25p.if. 
8.12P.X. 
10.20A.X. 
2.17  P.X 
2.05  PJI. 


Color. 


.18 
.19 
.19 
.10 
.10 
.28 


Ammonia. 


Free. 


AlbQ. 
mioold. 


.0082 
.0082 
.0014 
.0016 
.0012 
.0070 


.0088 
.0116 


.0106 
.0118 


.21 
.21 
.21 
.21 
.11 
•tl 


Niraoosa  as 


Nitrates. 


0490 


0620 


OltO 


NitrilM. 


0014 


®5 


.u 

.14 
.U 
.17 


The  above  results  obtained  in  the  warmest  weather  indicate  with 
regard  to  nitrification  that,  under  the  ezistiDg  oooditions  of  opera- 
tion, the  advantage  lies  with  the  intermitteDt  filters.    During  tiie 
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wiater  months,  with  another  pair  of  fiUera,  Nos.  3B  and  8  A,  the 
advantage  lay  with  the  contiaaous  filter,  as  shown  by  the  following 
table  of  monthly  averages.  No.  3  B  was  operated  iatermittently,  — 
drained  8  hours  daily,  outlet  untrapped  and  closed  while  filling ; 
No.  8  A,  continuously.  The  analyses  were  made  of  mixed  samples 
collected  in  portions  at  different  hours  during  the  day  and  are  believed 
to  be  representative. 

Monthly  Awraget  of  Chemieal  Analt/»es. 

[FbH>  p«r  lOO/NW.] 

December,  1393. 


Color 

A--0-U, 

Chlorlot 

S.r™ 

»AI 

Oxy^n 

r™.. 

*».«U.0U. 

Hltmin. 

KlIrltM. 

.IZi. 

Ifflo.i.iorFilu.rNo.aB. 

M 

.oon 

.0111 

.» 

.OIM 

.0000 

.43 

Ka»Iit<>IPUUrHo.BA, 

.H 

.OKI 

.OUT 

.10 

.OZM 

.0000 

.»» 

AppllsdmlOT,  . 

.« 

.0M7 

.om 

.SO 

.oifio 

.0000 

.40 

January,  1894. 

£a»Diof  puMnro-SB, 

.W 

.oni         .0117 

.91 

.om 

.OOM 

.U 

XfflD*atorFlllwHo.8A. 

.n 

.MM            .OIU 

.n 

.OSM 

.0000 

.36 

AppU^  w»ur. .       .       . 

.43 

.DOH            .OIN 

.11 

•OlM 

.0001 

.41 

February,  1894. 

BanDtotFIIMrSckSB, 

.M 

.MIS 

.0107 

.31 

.0370 

.OOM 

.30 

KffliHU>tofnturNo.lA, 

M 

.M17 

.ois« 

.n 

.oaio 

.OOM 

.n 

ApplUd  «U*r. .       .       . 

.40 

.M«B 

.OlM 

.13 

.01» 

.0001 

.43 

JfarcA,  1894. 

Mlnenlof  Fl]I.rNci.«B. 

.40 

.0014 

.«N& 

-IS 

.oiu 

.0000 

,U 

Xfflu«DlotPUl«rNo.8A, 

.59 

.0010 

.om 

.IS 

.0<K. 

.0000 

.34 

Appltal  w.l*r,  .       .       . 

.4T 

.0040 

■oira 

■" 

■ouo 

.OMI 

.40 

The  differences  in  nitrification  were  most  marked  in  January  and 
February  and  disappeared  in  March.  The  reason  of  this  is  not  yet 
fully  understood,  but  it  is  possible  that  the  daily  exposure  of  the 
surface  of  No.  3  B  where  most  of  the  organic  matter  is  stored,  to  the 
cold  atmosphere  and  the  occasiooal  formation  of  frost,  may  have  in- 
terfered with  the  bacterial  activity  necessary  for  nitrification.    It  is 
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sigDificant  that  series  of  Bamples  taken  at  frequeDt  ioterraU  during 
the  day  from  the  effluent  of  No.  3  B  showed  no  marked  variationB  in 
amount  of  nitrates  during  the  cold  weather,  but  in  April  the  series 
were  similar  to  those  obtained  from  No.  41  on  September  20,  1893, 
and  which  were  presented  on  page  477. 

While  considerable  light  has  been  obtained  apon  this  subject  it  is 
still  necessary  to  have  additional  data  before  we  can  draw  final  con- 
clusions as  to  the  relative  merits  of  the  two  methods  &e  well  as  to  the 
best  way  of  operating  a  filter  intermittently. 

Dissolved  Oxygen  in  the  Efflutnia. 
In  the  table  below  is  given  the  average  amount  of  dissolved  oxygen 
in  the  applied  river  water  and  in  the  effluents  of  the  several  filters. 
In  no  case  was  an  absence  of  oxygen  noted  in  the  effluents  of  con- 
tinuous filters.  The  effluents  of  the  intermittent  filters  contained 
much  more  oxygen  than  did  the  effluents  of  continuous  filters,  and 
during  midsummer  the  amount  was  in  excess  of  that  in  the  applied 
water.  The  analyses  were  made  about  four  hours  after  the  expira- 
tion of  the  period  of  rest  in  the  intermittent  filters,  and  it  is  probable 
that  the  quantity  became  less  as  the  filter  continued  in  operation. 


Far  Cent,  which  the  Oxffgen  di»$olved  in  the  Applied  Water  and  Effiuentt  vta*  of 
thai  necetaary  for  Saturation  at  aetual  Temperatures. 


;».T 

In 

l»t:i„.-PM,-n:..«HLT.«N«.»- 

l«i 

aat. 

,.A 

... 

■" 

■' 

-I- 

" 

4S. 

„.;..V 

«. 

n. 

JUDIUT.        - 

fibruarr,    . 
Ihrcb, 
April.  .        . 

Mr.  .     . 

Ja«.   .       . 
JolJ.    .       . 
AagoMt,      . 
S«pt«i>bw,. 
OHotMr,     . 

DwMmtwr.  . 

n. 

(W. 
100. 
H. 

tl. 
St. 

w. 

M. 

M. 
8«. 
OS. 
1M. 
St. 

93. 
M. 

: 

•n. 
M. 

13. 

.,. 

U. 

n. 
a. 

«. 

to. 

u. 
u. 

3S. 

M. 
M. 
IK). 
M. 

M. 
N. 

U. 

4», 
U. 

11. 

u. 
it. 

n. 

H. 
4). 

TO. 
18. 
». 

U. 

n. 

ST. 

«. 
4T 
SB 
U 

M, 
SI. 
M. 

M. 

ts. 

n. 
n. 

M 

M. 
SS 
M 

91. 

U. 

1«. 

H. 

M. 

n. 

74. 
M. 

4*. 
«l 

n. 
u. 

M. 
I». 
ti. 
W. 
■4<. 

■0. 

"■ 

H. 
« 

U. 

a. 
n. 
«. 

M. 

at 
« 

m. 

m. 
u. 

■■ 
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The  Remoyal  of  Colob  fboh  Wateb  by  Filtbation. 

The  per  cent,  of  color  of  the  applied  water  which  appeared  in  the 
effluents  of  those  filters  started  in  1892  was  shown  in  the  Annual 
Report  for  that  year  to  be  55,  on  an  aYerage»  after  there  had  been 
filtered  400,000,000  gallons  of  water  per  acre.  In  1893,  after 
800,000,000  gallons  per  acre  had  been  filtered,  the  aYerage  anaount 
of  color  in  the  effluents  was  65  per  cent,  of  that  in  the  applied 
water. 

The  filter  two  feet  deep  (No.  88)  was  as  efficient  as  those  five 
feet  deep. 

The  filters  constructed  in  1893  contained  sand  from  Grale*s  Hill,  a 
different  source  from  that  used  for  the  earlier  filters.  This  sand  was 
also  used  for  the  Lawrence  city  filter.  While  in  the  earlier  filters  it 
was  found  that  the  sand  was  most  effectiYe  in  remoYing  color  when 
new,  the  sand  from  Gale's  Hill  remoYed  practically  none  at  first  but 
gradually  acquired  this  power,  although  apparently  to  a  somewhat 
less  extent  than  was  possessed  by  the  sand  used  in  1892  for  filling 
filters. 

The  mineral  analyses  of  the  two  sands  are  as  follows :  — 

No.  38  (1892)  sand  contained  98.70  per  cent,  of  material  in- 
soluble in  strong  sulphuric  acid  kept  at  the  boiling  temperature  for 
two  hours ;  0.75  per  cent,  of  alumina ;  0.30  per  cent,  oxide  of  iron 
and  0.02  per  cent,  oxide  of  manganese. 

Grate's  Hill  (1893)  sand  contained  97.70  per  cent,  of  material  in- 
soluble in  strong  sulphuric  acid  kept  at  the  boiling  temperature  for 
two  hours ;  0.96  per  cent,  of  alumina ;  0.54  per  cent,  oxide  of  iron 
and  0.13  per  cent,  oxide  of  manganese. 


484 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


Number  of  Bacteria  and  Amount  of  Nitrogen  found  in  the 
Sand  of  the  Several  Water  Filters,  December  8,  1 893. 

On  this  date,  after  the  filters  had  drained  twenty-four  hours, 
numerous  samples  of  sand  at  different  depths  were  taken  from  each 
filter  and  analyzed  chemically  and  bacterially,  with  results  as  fol* 
lows :  — 


HOMBBB 

OV 
FILTMB. 


Depth. 
(Indiet.) 


Method 
of  Operation. 


Length  of  Time 
in  Operation. 


miUon 
Oallona  per 

Acre 

Filtered  to 

Date. 


ATerage 
Number  of 

Bacteria 

In  Hand  per 

Oram. 


Original 

Nttrogenin 

Sand. 

(Partflper 
lOO.OiiO) 


Arvra^ 

IncTMia*  of 

Nttrocvn 

in  Sand* 


(Parm 
100.000) 


MA,  . 

eo 

88A,  . 

eo 

M.   . 

S4 

41,   . 

80 

42.   . 

12 

48.   . 

80 

44.   . 

80 

44,   . 

80 

4«.   . 

12 

47.   . 

80 

48.   . 

80 

49,   . 

80 

Intermittent. 

Continaoaa. 

OoDtlnuoua. 

Intermittent. 

Continaona. 

Contlnuona. 

Conllnuoaa. 

Intermittent. 

Continaona. 

Intermittent. 

Intermittent. 

Contlnuona. 


4  jMtra,  2  montha. 
1  jear,  7  montha. 
1  year,  7  montha. 
1  year.  7  montha. 
1  year.  1  month. 
7  montha. 

7  montha. 
5  montha. 
4  montha. 

8  montha. 
8  montha. 
8  monthi. 


1.887 

78,000 

1.0 

1.138 

82,200 

0.8 

1.002 

213.600 

1.8 

M8 

87.000 

0.8 

781 

120.400 

1.3 

907 

138.800 

0.8 

028 

201.600 

0.8 

840 

82,800 

0.8 

287 

201.800 

0.8 

241 

08.600 

0.8 

901 

08.600 

0.8 

823 

61,600 

0.8 

2.M 
1.24 
2.07 
1.88 
8.78 
1.12 
1.47 
1.28 
2.53 
l.tO 
0.48 
1.84 


The  organic  nitrogen  waa  calculated  aa  ^^  of  the  albomlnold  ammonia  doubled. 


Upon  dividing  the  deep  filters  into  two  classes,  according  to  the 
method  of  application  of  water,  and  summarizing  the  data,  it  is  found 
that  the  intermittent  filters  contained  108  bacteria  per  gram  and 
an  increase  in  nitrogen  of  .0021  part  per  100,000  for  each  million 
gallons  of  water  filtered  per  acre ;  while  for  the  continuous  filters 
these  figures  become  122  and  .0016,  respectively.  It  is  probable 
that  somewhat  different  results  would  be  obtained  in  mid-summer. 

In  the  next  tables  the  results  of  the  analyses  of  the  sand  from 
the  several  filters  are  presented  with  greater  detail.  It  is  to  be 
stated  that  the  method  followed  until  September,  1893,  of  scraping 
the  filters  and  not  replacing  the  sand  removed,  until  the  depth  was 
decreased  6  to  12  inches,  caused  greater  irregularities  than  would 
have  been  the  case  if  the  sand  removed  had  always  been  replaced 
with  clean  material  at  the  time  of  scraping. 


No.  34.]  FILTRATION  OF   WATER.  485 

Number  of  Bacteria  per  Oram  found  in  Ike  Sand  at  Different  Depiha,  Dec.  8,1893. 


Kiniiu  or  FitiM. 

ISA. 

»A^ 

«,. 

41. 

«. 

4a. 

Ort.». 

NoT.M. 

Dec.  4. 

Deo.T. 

Deo.  a. 

Dee.T. 

U              «U.   1     h 

1,170,000 

i,iM,<Kn 

410,000 
MI,0OO 
TI.000 
17,000 
1S.0D0 
10.000 

jn.ooo 

!«!,«» 
108,000 
10,300 
11,600 
11,000 

a,«o,ooo 

2,aI6,M0 
T31,1D0 

sflo,i»o 

6J,B0Q 

1,1(>0,0«0 
1.048,800 
211,100 
]4I,«» 
S3,t00 

is,goo 

S,700 

l.KO,000 
],OiI,iO0 

1M.400 

0.300,000 
8,a3».100 

1,OOT,000 
OT0,MM 
6S.T00 
10.800 
18,100 
31,aM 

Uppar  Inoh, 
Upper  III  inehw 
Upper  foot,  . 
B«»Dd  fool. 
Third  foot.  . 
FoBRh  fool. 

PlflbfOOl.     . 

Number  of  Bacterta  per  Oram  found  in  the  Band  at  Different  Depthi,  Dee.  8, 
1393—CoBc\uAfa. 
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Considerable  attention  was  given  to  the  species  of  bacteria  found 
in  the  sand  at  different  depths  in  Filters  Nos.  33  A,  41,  44  and  47. 
No  very  marked  characteristics  with  respect  to  the  distribution  of 
the  species  of  bacteria  could  be  found  in  the  samples  of  sand  from 
the  different  sources.  The  presence  of  alK>ut  fifteen  species  was 
noted. 

In  the  following  table  are  given  the  results  of  chemical  and 
bacteriological  analyses  of  representative  samples  of  the  clogged 
sand  removed  from  the  surfaces  of  the  filters  by  scraping. 

The  number  of  bacteria  per  gram  in  these  samples  was  found  to 
be  somewhat  less  than  in  samples  just  below  the  surface,  as  will  be 
seen  from  the  tables  above.  The  reason  of  this  appears  to  arise 
from  the  difficulty  with  which  the  bacteria  are  detached  from  the 
grains  which  are  so  thickly  coated  with  the  accumulation  of  gelati- 
nous organic  matter.  From  this  it  will  be  understood  that  the  merit 
of  determinations  of  bacteria  in  sand  lies  in  their  value  for  com- 
parison and  not  as  absolute  determinations. 


Ndmbbs  ov  PiLTn. 


Arertfe 

Namber 

of  BacterUln 

8andp«r 

Qmn. 


ISA.       .... 
84A,       .... 

85A 

MA 

M 

» 

41, 

42. 

48 

44 

4«* 

ToUlf  and  arermfea. 


820,000 
830,000 
060,000 
000,000 
1,500,000 
680,000 
640,000 
900,000 
010,000 
810,000 
640,000 


800,000 


Kombtr 
of  Analyi 


84 


Averafe  Qmmtlty 

of  llltruc«D  in 

Sand. 

(Parts  ^7100,000 

bjWelfht 

of  Dry  Sand.) 


Nomter 
of  AnaljMt 


ts.o 

88.8 
88.8 
S2.S 
80.6 
8S.8 
S8.8 
88.8 
48.8 
88.1 
17.4 


ST.8 


84 


No  34.] 


FILTRATION  OF  WATER. 


487 


The  Relation  between  Construction  and  Operation  of  Filters 

AND   THE    QUANTITT    OF    SaND    SGRAPED    FROM    THE    SURFACES 

to  relieve  Clooging. 

The  data  obtained  in  1893  apon  this  point  are  summarized  in  the 
table  below.  These  results  cover  the  period  May  to  November,  in- 
clusive. As  far  as  can  be  judged  from  the  analyses  of  the  applied 
water,  it  is  believed  that  they  are  representative  for  the  entire 
year.  The  increased  viscosity  of  the  wat^r  during  the  winter 
months,  other  conditions  being  equal,  would  probably  reduce  some- 
what the  quantities  of  water  filtered  between  scrapings. 

The  depths  of  sand  removed  were  calculated  in  each  case  from  the 
weight  of  the  sand.  It  will  be  seen  that  in  the  case  of  those  ex- 
perimental filters  having  a  maximum  loss  of  head  of  70  inches  the 
volume  of  sand  removed,  per  million  gallons  of  water  filtered,  was 
in  many  cases  approximately  the  same. 

Summary  of  Results  of  Scraping  of  Water  Filters,  May  to  November,  1893. 
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Conclusions. 

1.  The  frequency  of  scraping  increases  with  the  fineness  of  the 
material  and  as  the  available  head  decreases. 

2.  The  intermittent  filters  under  the  existing  methods  of  opera- 
tion required  scraping  less  frequently  than  the  continuous  filters  of 
the  same  construction,  owing  chiefly  to  a  disturbance  of  the  surface 
sand  by  the  air  which  is  driven  from  the  pores  of  the  filter. 

3.  These  results  confirm  the  conclusions  drawn  from  the  studies 
in  1892,  except  with  regard  to  the  effect  of  the  method  of  applica- 
tion of  water.  This  discrepancy  is  doubtless  explained  by  the  fact 
that  Filters  Nos.  35  A  and  41  in  1892  contained,  a  foot  or  less  from 
the  surface,  loam  layers,  which,  together  with  the  method  of  opera- 
tion then  practised,  prevented  much  air  from  escaping  at  the 
surface. 

4.  As  the  filters  grow  old  the  sand  becomes  more  compact. 
This  compactness  and  the  accumulation  of  matter  from  the  water 
give  the  effect  of  a  finer  material,  requiring  more  frequent  scraping. 
(Filters  Nos.  33 A  and  41  were  disturbed  to  a  depth  of  one  foot  in 
July,  1893,  while  No.  34  A  was  not  treated  in  this  manner.) 

The  Water  taken  from  the  Merrimack  River  and  applied 

TO  THE  Experimental  Filters. 

Water  taken  from  the  Merrimack  River  has  been  applied  to  all  of 
the  water  filters,  and  is  brought  through  a  two-inch  galvanized  iron 
pipe,  about  four  hundred  feet  long,  from  the  north  canal  of  the  Essex 
Company.  The  water  is  substantially  the  same  as  the  river  water 
above  Lawrence,  which  is  applied  to  the  city  filter.  The  turbidity t 
sediment  and  odor  are  usually  very  slight,  but  after  heavy  rains  and 
during  the  spring  freshets  the  turbidity  and  sediment  become  very 
marked.  The  results  of  analyses  are  given  in  the  two  tables  below. 
In  the  first  table  are  given  the  analyses  of  the  water  as  it  was  drawn 
from  the  pipe.  From  May  12  until  the  discontinuance  of  the  ex- 
periments, December  8,  cultures  of  B.  prodigiosuSy  together  with 
the  food  on  which  these  germs  grew,  were  applied  to  the  water  which 
supplied  the  several  filters,  for  ten  hours  each  day.  The  results  of 
analyses  of  the  water  after  its  inoculation  with  these  germa  are  given 
in  the  second  table. 
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Detailed  Account  of  the  Work  of  the  Several  Water 

Filters  in  1893. 

The  remaining  pages  contain  a  summary  of  the  weekly  averages 
of  all  bacterial  results,  followed  by  a  brief  description  of  the  opera- 
tion of  each  filter  and  monthly  averages  of  both  chemical  and  bac- 
terial analyses.  One  bacterial  sample  was  examined  daily  from  each 
effluent  from  January  until  May.  These  results  are  more  or  less 
abnormal  because  the  conditions  existing  in  the  filters  were  abnormal 
from  time  to  time.  This  was  caused  partly  by  the  formation  of 
channels  at  the  sides  of  the  iron  tanks  due  to  freezing  weather,  and 
partly  to  the  evolution  of  air  by  the  water  as  it  increased  in  tem- 
perature, which  produced  channels  within  the  filters.  These  condi- 
tions were  touched  upon  in  the  1892  Report.  It  is  believed  that 
they  would  not  appear  in  large  filters  in  actual  practice.  On  ac- 
count of  these  peculiar  and  unfavorable  circumstances  the  results 
obtained  from  January  to  May  do  not  appear  in  the  foregoing 
discussion,  and  for  the  same  reason  the  experiments  were  discon- 
tinued during  the  winter  of  1893-94. 

General  Plan  of  the  Eocperiments. 

Beginning  May  12  B.  prodigiosxis  was  regularly  applied  to  each 
filter  for  ten  hours  a  day  on  six  days  in  a  week.  The  general 
plan  of  the  experiments  was  the  same  as  during  the  preceding  year 
(see  the  1892  Report,  page  529).  A  pure  culture  of  this  species  of 
bacteria  was  obtained  by  inoculation  and  growth  for  four  days  at 
20^  C.  in  a  solution  of  one-tenth  per  cent,  peptone  and  two-tenths 
per  cent,  glucose  in  city  water.  This  solution  was  applied  to  the 
filters  in  the  proportion  of  one  part  to  three  thousand  parts  of  water, 
at  intervals  of  one  or  two  hours  during  the  day,  according  to  the 
rate  of  filtration.  Throughout  the  experiments  four  examinations 
were  made  daily  of  each  of  the  effluents,  at  a  time  when  the  water 
from  the  applied  doses  was  passing  through  the  outlet-pipes.  The 
reasons  that  this  species  of  bacteria  was  used  are  that  it  is  easy  to 
difierentiate  from  ordinary  water  bacteria  and  is  apparently  very 
similar  to  the  germ  of  typhoid  fever  [of  Eberth]  in  its  mode  of  life 
in  the  river  water. 

The  experiments  have  been  conducted  with  as  much  nnifomiity  as 
possible,  and  the  system  practised  has  been  substuitially  tke  atine  as 
thAt  of  the  preceding  year.     Notes  of  the  slig^  duuDgM  thafc  have 
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been  made  will  be  foand  in  the  proper  places.  When  considering 
the  depths  to  which  the  filters  were  reduced,  Ur^Iy  by  scraping,  it 
is  to  be  borne  in  mind  that  this  diminution  ia  partly  accounted  for  by 
settling.  In  November  most  of  the  filters  were  filled  with  water 
from  below  (in  some  cases  very  rapidly)  after  scraping,  and  this, 
together  with  the  very  high  rates  of  filtration,  increased  the  average 
number  of  bacteria  in  the  effluents. 

Id  the  first  table  below  will  be  found  the  results  of  the  mechanical 
analyses  of  the  sands  in  the  various  water  filters.  The  underdraina 
were  5  inches  deep  in  each  case.  Filters  Nos.  3  B  and  8  A  arc  each 
one  two-hundredth  of  an  acre  in  area  and  are  out  of  doors.  The 
other  water  filters  are  30  inches  in  diameter,  equivalent  to  one 
twenty-thousandth  of  an  acre,  and  are  all  placed  within  the  buildings. 

The  second  table  beyond  contains  the  weekly  averages  of  the  num- 
bers of  bacteria  in  the  applied  water  and  in  the  various  effluents. 
Following  this  are  brief  descriptions  and  monthly  averages  of  the 
chemical  and  bacterial  analyses  of  the  effluents  of  the  several  filters. 

The  report  ends  with  a  detailed  account  of  the  results  of  analyses 
obtained  from  the  Lawrence  city  filter  and  also  from  the  duplicate 
filters  at  the  Experiment  Station,  Nos.  3  B  and  8  A. 

Mechanical  ComjmUian  of  MateruOa  used  for  Water  Fillers  in  1893. 
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The  ^  ^  effective  size  "  of  the  sand  grains  means  that  ten  per  cent  by 
weight  of  the  grains  are  finer  than  the  diameter  given.  The  **  udi- 
formity  coefficient "  is  the  ratio  A  to  B  when  the  values  of  A  and  B 
are  such  that  sixty  per  cent,  by  weight  of  the  material  is  finer  ^n 
A  and  ten  per  cent,  finer  than  B.  The  ^<  maximum  rate"  is  the 
maximum  quantity  of  water,  expressed  in  million  gallons  per  acre 
daily,  which,  at  a  temperature  of  5(P  F.,  will  pass  through  a  filter 
of  clean  sand  with  no  air  in  its  pores,  and  with  no  suspended  matter 
upon  its  surface  when  the  acting  head  is  equal  to  the  depth  of  sand. 

The  sand  in  No.  48  is  the  same  as  in  No.  49 ;  No.  44  as  in  No6. 
46  and  47  ;  No.  45  as  in  Nos.  3  B  and  8  A  ;  No.  42  as  in  Nos.  35  A, 
36  A,  37,  38  and  39  ;  and  No.  41  the  same  as  in  No.  33  A. 

The  sand  in  No.  44  corresponds  quite  closely  with  the  "No.  70** 
sand  in  the  Lawrence  city  filter,  and  No.  45  with  **  No.  50" 
in  the  city  filter. 
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FiLTEB  No.    18  A. 

This  filter,  20  inches  in  diameter,  contains  sand  of  an  effective 
size  of  0.48  millimeter  and  has  been  in  operation  since  Sept.  17, 
1889.  The  original  depth  of  the  sand  was  62  inches.  Up  to 
January,  1891,  city  water  was  applied  in  hourly  doses,  fourteen 
hours  a  day  on  six  days  a  week,  at  the  rate  of  about  one  million 
gallons  per  acre  daily.  The  faucet  at  the  outlet  was  always  kept 
.wide  open  until  Oct.  1,  1893,  and  the  rate  of  filtration  regulated  at 
the  top.  The  outlet  has  never  been  trapped.  With  the  exception 
of  a  few  scattering  days  river  water  taken  from  the  canal  has  been 
applied  since  Aug.  18,  1891.  From  January,  1891,  to  July,  1893, 
the  water  was  applied  by  an  automatic  arrangement  in  small  doses 
equivalent  to  5,000  gallons  per  acre  once  in  three  to  seven  minutes, 
days,  nights  and  Sundays,  according  to  the  rate  of  filtration.  On 
July  17, 1893,  the  siphon  attachment,  by  which  the  water  was  applied 
intermittently,  was  removed  and  the  water  applied  constantly  for 
sixteen  hours  a  day  on  six  days  in  a  week.  Beginning  October  1 
the  faucet  at  the  outlet  was  closed  at  5  a.m.  daily  after  draining  over 
night  and  the  water  applied  at  the  top ;  after  the  surface  was  covered 
the  faucet  was  opened  below  to  give  the  desired  rate  of  filtration,  and 
the  surface  was  kept  covered  until  the  water  was  shut  off  at  9  p.m. 
With  the  exception  of  November  21  to  30  this  method  was  followed 
through  the  rest  of  the  year. 

No  sand  was  scraped  from  the  surface  until  November,  1892,  when 
it  was  necessary  to  remove  2^  inches  in  order  to  keep  the  action 
of  the  filter  intermittent.     During  the  four  years  of  its  operation 
the  surface  was  scraped  five  times  and  8  inches  of  sand  were  removed 
without  replacement ;  the  water  filtered  in  this  time  was  equivalent 
to  1,500,000,000  gallons  per  acre.     The  sand  removed  was  equiva- 
lent to  0.70  cubic  yard  per  million  gallons  of  water  filtered.    It  will 
be  seen  that  this  quantity  agrees  approximately  with  some  of  the 
results  from  other  filters  presented  on  page  487.     On   October  9 
clean  sand  was  added  and  the  filter  restored  to  its  original  depth. 
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ManUUy  Averages  of  AniUysM  of  Effluent  oj  Filter  No.  18  A. 
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FiLTEH  No.  33  A. 
This  filter  was  put  in  operation  April  28,  1892,  and  contains  sand 
of  an  effective  size  of  0.14  millimeter.  The  original  depth  was  60 
inches.  The  method  of  operation  has  been  continuous,  except  from 
April  17  to  30,  1893,  and  for  a  few  days  at  irregular  intervaU  dur- 
ing the  winter,  when  the  filter  was  accidentally  drained,  owing  to 
freeziug  of  the  water  pipes.  The  rate  of  filtration  has  been  regulated 
hy  the  faucet  at  the  outlet,  to  which  a  trap  is  attached.  From  May 
25  to  December  8  the  filter  was  scraped  8  times,  an  average  of  once  in 
23  days.  The  average  depth  removed  at  a  scraping  was  0.23  inch  ; 
the  average  quantity  filtered  between  scrapings  was  equivalent  to 
49  million  gallons  per  acre,  and  the  sand  removed  was  equivalent  to 
0.63  cubic  yard  per  million  gallons.  On  July  17  the  upper  foot  of 
Band  was  removed  and  replaced,  as  was  described  on  page  405.  Until 
Octol>er  6  the  sand  removed  by  scraping  was  not  replaced,  but  on 
that  date  the  depth  was  restored  from  47  inches  to  its  original  depth 
of  60  inches.  After  this  date  the  sand  was  replaced  at  the  time  of 
«a«piDg. 
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Uonlhty  Averages  of  AnalyseM  of  Efflueid  of  FilUr  Xo.  33  A. 

[Pmrt*  per  IM/KA.] 
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Filter  No.  34  A. 

This  filter  ci>ntaiDed  sand  of  an  effective  size  u(  0.09  millimeter,*'  ''' 
und  its  original  dopth  was  6U  iutshe::).  It  waa  operated  continuoiuly^^^ 
lifter  it  wa»  first  |iut  in  operation,  April  28,  1S92.  The  rate  of  ""* 
filtration  was  regulated  ut  the  outlet  by  a  faacet  to  wbicb  a  trap  wu  '^ 
attached. 

From  Muy  12  to  September  7,  1893,  the  date  of  itsdiscootiDiiaocc, 
the  Burfuce  wa»  ocraped  17  times  to  relieve  clogging.  It  was  scraped 
on  an  average  once  in  7  days.  The  average  depth  removed  was  0.12 
inch  ;  the  avornge  quantity  of  water  filtered  between  acnpiags  wsk 
ocjuivalent  to  14  million  gallons  [>er  acre,  and  the  sand  removed  was 
equivalent  to  I.lli  cuhic  yards  |)er  million  gallons.  The  depth  of 
sand  at  the  date  of  its  discontinuance  was  44  inches. 
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Monthly  Averages  of  AnfUyaea  of  Effluent  of  FiUer  No. 
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Filter  No.  35  A. 

This  filter  was  coDBtructed  on  March  30,  1892,  and  coDtaiDed 
sand  of  an  effective  size  of  0.20  millimeter.  The  original  depth  was 
57,5  inches,  and  1  foot  below  the  surface  whs  a  layer  of  loam  1  inch 
Uiick.  April  17  to  30  and  July  31  to  September  6,  1893,  it  was 
operated  coDtiouously  with  the  trap  attached  to  the  outlet  in  the 
Qsual  manner.  During  the  remainder  of  the  time  it  was  operated 
intermittently,  with  the  untrapped  faucet  at  the  outlet  wide  open  and 
the  rate  regulated  at  the  top.  The  water  was  applied  sixteen  hours 
a  day  on  six  days  in  a  week.  On  July  17,  when  the  layer  of  loam 
was  less  than  3  inches  below  the  surface,  the  sand  was  taken  out 
down  to  the  loam,  which  was  removed  and  the  sand  replaced. 

From  May  24  to  September  7,  the  date  of  its  discontinuance,  the 
surface  was  scraped  three  times  to  relieve  clogging,  and  the  average 
depth  removed  was  0.25  inch.  The  average  quantity  of  water 
filtered  between  scrapings  was  equivalent  to  92  million  gallons  per 
acre.  It  was  scraped  on  an  average  once  in  33  days,  and  the  sand 
removed  was  equivalent  to  0.36  cubic  yard  per  million  gallons. 

The  depth  of  the  sand  on  September  7  was  49  inches. 
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MorOhly  Averages  of  AwdysM  of  EffiuetU  of  Fitter  No.  3S  A. 

[PvU  par  100,000.1 
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Filter  No.  36  A. 

This  Rltor  was  coDstnicted  on  the  same  dnte  and  in  the  same  man- 
Der  as  No.  35  A.  It  was  0|>erated  contiauously,  except  from  April 
17  to  30  and  from  July  31  to  Septembor  7,  when  it  was  operated 
intermittently  in  the  same  manner  as  No.  35  A. 

From  May  12  to  SeptemberT,  18!l3,the  dateof  itsdiscontinuaace, 
the  surface  was  scraped  7  times  to  relieve  clogging,  and  the  average 
depth  removed  was  0.21  inch.  The  average  quantity  of  water 
tiltered  between  scrapings  was  equivalent  to  35  million  gallonii  per 
acre.  It  was  scraped  on  an  average  once  in  14  days,  and  the  sand 
removed  was  equivalent  to  0.82  cubic  yard  per  million  galloDa. 

The  depth  of  sand  on  September  6  was  48  inches. 

MonUUif  Average  of  Analyiea  of  Effiuent  of  Filter  No.  3S  A. 

[Pana  par  HM.OM).] 
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Filter  No.  37. 

This  filter  was  cooBtructed  on  April  18,  1892,  and  contained 
originally  61  inches  in  depth  of  sand  having  an  effective  size  of  0.20 
millimeter.  It  was  operated  continuously  until  June  25,  1893, 
when  the  experiment  was  discontinued,  owing  to  an  accident  which 
happened  to  the  tank. 

The  results  obtained  from  this  filter  are  more  or  less  affected  by 
evolutioD  of  air  from  the  water  and  the  formation  of  channels  at  the 
sides  of  the  iron  tank,  as  is  indicated  by  the  results  of  the  analyses 
below  and  by  the  fact  that  this  filter  of  medium  fine  sand  was  oper- 
ated for  more  than  three  months  during  the  winter  without  scraping. 
It  was  scraped  on  June  19  to  relieve  clt^ging,  and  0.20  inch  was 
removed.     The  depth  of  sand  on  this  date  was  55  inches. 

Monthly  Averages  of  Analyses  oj  Effluent  oj  Filter  No.  37. 

[FarU  par  10l),l»0.] 


Oalbiiii 

iiio.  r. 

1 

.at 

.„„.... 

] 

„™„ 

1 

1 

1 

CiwnBrtKit. 

Din-^tMB. 

S: 

s 

i 

J 

1 

i 
1 

1 

i 

Ij 

Witcfa. . 

Apia,  .      . 

JBD..      .           . 

1.7M.0OO 
I.I40.1»0 
3,000,000 
],»«.000 

i.eM,ooo 

3^00.000 

34 

St 

SI 
57. B 

.001)1 

.00*5 
.0021 

-MIS 

.OOM 

-Sfi 
.IB 

.0830 
-DIM) 

.0000 
.00110 

.17 
.36 

76 
BZ 

460 
188 

:, 

FiLTEH  No.  38. 

This  filter  rx)ntained  sand  of  an  effective  size  of  0.20  millimeter, 
and  its  original  depth  was  24  inches.  The  date  of  its  construction 
was  April  28,  1892.  It  has  been  operated  continuously  in  the 
nsosl  manner. 

From  May  25  to  December  4  the  surface  was  scraped  18  times  to 
relieve  clogging.  It  was  scraped  on  iin  average  once  in  11  days. 
Tb«  avenge  depth  removed  was  0.17  inch  ;  the  average  quantity  of 
«rat«T  filtwred  between  scrapings  was  equivalent  to  22  million  gal- 
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Ions  per  acre,  and  the  sand  removed  was  equivalent  to  1.06  cubic 
yards  per  niilliou  gallons. 

Tbe  sand  removed  by  scraping  was  not  replaced  with  clean  mate- 
rial until  Sept.  12,  1893.  The  depth  of  sand  was  about  14  inches 
on  that  date,  when  the  filter  was  refilled  to  its  original  depth.  From 
this  time  on  the  sand  was  replaced  at  the  time  of  scraping.  The 
addition  of  new  sand  in  September  caused  a  greater  (percentage) 
removal  of  color. 


Monthly  Average*  of  Analyses  of  Effluent  of 
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Filter  No.  39. 
The  filter  contained  sand  of  an  effective  size  of  0.20  millimeter. 
Its  depth  on  tbe  date  of  its  construction,  April  28,  1898,  wu  12 
inches.  It  was  operated  continuously  up  to  Aug.  19,  1893,  tbe 
date  of  its  discontiuuance,  with  the  exception  of  July  10  to  30,  when  it 
was  operated  intermittently  with  the  outlet  untrappedand  wideopeo. 
The  depth  of  sand  May  1,  1893,  was  2.5  inches.  From  May  IS  to 
August  19  the  surface  was  scraped  14  times  to  relieve  clogging,  woA 
the  average  depth  removed  was  0.15  inch.  The  avenge  quaotify  of 
water  filtered  between  scrapings  was  eqaindant  to  13  miltioD  gal- 
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loDS  per  acre.  It  was  scraped  on  an  average  once  in  7  days,  and 
the  sand  removed  was  equivalent  to  1.55  cubic  yards  per  million 
gallons. 

The  depth  of  sand  in  the  filter  at  the  time  the  experiment  was 
brought  to  an  end  was  al>out  0.5  inch.  In  addition  to  this,  how- 
ever, there  were  5  inches  of  underdraina,  some  of  the  material  of 
which  was  fairly  fine. 

Monthly  Averages  of  Analyaes  of  Effluent  of  Filler  No.  39. 
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Filter  No.  41. 

This  filter,  a  duplicate  of  No.  33  A,  was  constructed  May  9,  1892, 
and  contained  originally  60  inches  in  depth  of  sand  of  an  efiective 
size  of  0.14  millimeter.  It  has  been  operated  intermittently,  except 
from  April  17  to  30,  with  the  outlet  untrapped.  On  July  17  the 
upper  foot  of  material  was  dug  out  and  put  back  (aee  page  465). 
Up  to  Oct.  1,  1893,  the  faucet  at  the  outlet  was  kept  wide  open  and 
the  rate  of  filtration  regulated  at  the  top.  During  the  rest  of  the 
year,  except  November  21  to  30,  it  was  operated  as  follows :  the 
faucet  at  the  outlet  was  closed  at  5  a.h.  daily,  after  the  filter  had 
been  allowed  to  drain  over  night,  and  the  water  applied  at  the  top ; 
after  the  surface  was  covered  the  faucet  was  opened  at  the  outlet  to 
give  tbe  desired  rate  of  filtration,  and  the  surface  was  kept  covered 
until  the  water  was  shut  oS*  at  9  f.h. 

From  May  12  to  December  8  tbe  surface  was  scraped  8  times  to 
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relieve  clogging,  — 'an  average  of  once  in  23  days.  The  average 
depth  removed  at  a  scraping  was  0.19  inch  ;  the  average  quantity 
of  water  filtered  between  scrapings  was  equivalent  to  56  million 
gallons  per  acre ;  and  the  sand  removed  was  equivalent  to  0.46 
cubic  yard  per  million  gallons. 

Until  Nov.  15,  1893,  the  sand  removed  by  scraping  was  not  re- 
placed with  new  material,  but  on  that  date  the  depth  was  restored 
from  52  inches  to  its  original  depth  of  60  inches.  After  this  dale 
the  sand  was  replaced  at  the  time  of  scraping. 

Monthly  Averages  of  Analyses  of  Effiuenl  of  FUUr  No.  41. 
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FlLTEE  No.  42. 

This  filter  was  started  on  Oct.  29,  1892,  and  contained  13  inches 
in  depth  of  sand  of  an  effective  size  of  0.20  millimeter.  It  has  been 
operated  continuously  in  the  asual  manner.  The  depth  of  sand  in 
May,  1893,  was  10  inches. 

From  May  12  to  December  8  the  sniftce  was  scraped  24  tunea  to 
relieve  clogging.  It  was  scraped  on  an  average  once  in  7  daya. 
The  average  depth  removed  was  0.16  inch ;  the  averags  quntitj  of 
water  filtered  between  scrapiogB  waa  eqaintlaot  to  19  miUioo  gal- 
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Ions  per  acre;  and  the  Band  removed  was  equivalent  to  1.11  cubic 
yards  per  million  gallons. 

The  sand  removed  by  scraping  was  not  replaced  with  clean  mate- 
rial until  September  9.  The  depth  of  sand  was  then  about  7  inches, 
and  the  filter  was  refilled  to  its  original  depth.  From  this  time  on 
the  sand  was  replaced  at  the  time  of  scraping.  The  addition  of  new 
material  in  September  caused  a  greater  (percentage)  removal  of  color. 

MotMtly  Averages  of  Analyses  of  Effluent  of  Filler  No.  42. 
[r>m  p«rioa,<mt.] 
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Filter  No.  43. 

This  filter  was  started  on  May  20,  1893,  and  contained  60  inches 
in  depth  of  sand  of  an  effective  size  of  0.26  millimeter.  It  has 
been  operated  continuously. 

From  May  20  to  December  8  it  was  scraped  16  times.  This  was 
an  average  of  once  in  10  days.  The  average  depth  removed  was 
0.26  inch,  and  the  average  quantity  of  water  filtered  between 
scrapings  was  equivalent  to  57  million  gallons  per  acre.  The  sand 
removed  was  equivalent  to  0.63  cubic  yard  per  million  gallons. 

The  sand  removed  up  to  October  13  was  replaced  with  clean 
material  on  that  date,  and  after  that  time  the  sand  was  replaced  al 
the  time  of  scraping. 
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Monthly  Averages  of  Analyeea  of  E^ueiU  of  Filler  Ko.  43. 
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This  filter  was  put  in  operation,  continuously,  May  20,  1893,  and 
contained  60  inches  in  depth  of  sand  of  an  effective  size  of  0.29 
millimeter.  The  sand  removed  by  scraping  up  to  October  27  wu 
replaced  on  that  date,  and  after  that  time  the  sand  was  replaced 
with  clean  material  nt  the  time  of  its  removal. 

From  May  20  to  December  8  the  surface  was  scraped  13  times  te 
relieve  clogging,  and  the  average  depth  removed  was  0.30  inch. 
The  average  quantity  of  water  filtered  between  scrapings  m 
equivalent  to  70  million  gallons  per  acre.  It  was  scrajwd  onio 
average  once  in  13  days,  and  the  sand  removed  was  equivalent  to 
0.58  cubic  yard  per  mtllioD  gallons. 

Monthly  Average*  of  Analgie*  of  EfflueiU  of  Filler  No.  44. 

[pMta  par  IIXI.MX).] 
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Filter  No.  45. 

This  filter  wa9  constructed  July  10,  1893,  and  contained  60  inches 
in  depth  of  sand  of  an  effectire  size  of  0.23  millimeter.  It  has 
been  operated  intermittently  after  the  same  method  that  was  used  in 
the  case  of  No.  41  (see  page  503).  With  respect  to  size  of  sand 
grains  it  resembles  most  closely  the  continuous  filter  No.  43. 

From  July  10  to  December  8  the  surface  was  scraped  4  times. 
This  was  an  avert^e  of  once  in  35  days.  The  average  depth  removed 
was  0.28  inch,  and  the  average  quantity  of  water  filtered  between 
scrapings  was  equivalent  to  78  million  gallons  per  acre.  The  sand 
removed  was  equivalent  to  0.48  cubic  yards  per  million  gallons. 

The  sand  removed  up  to  October  27  was  replaced  with  clean 
material  on  that  date,  and  after  that  time  the  sand  waa  replaced  at 
the  time  of  scraping. 


Monthly  Averages  of  Analysts  of  Effluent  of 

[PkU  par  100,000.] 
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Filter  No.  46. 
This  filter  was  put  in  operation  Aug.  21,  1893,  and  contained  12 
inches  of  sand  of  an  effective  size  of  0.29  millimeter.  This  sand 
Was  from  the  same  lot  as  that  used  for  No.  44.  It  has  been  operated 
continaously.  From  August  21  to  December  8  the  surface  was 
Kraped  9  times  to  relieve  clogging,  and  the  average  depth  removed 
vu  0.25  inch.  The  average  quantity  of  water  filtered  between 
■crapings  waa  equivalent  to  29  million  gallons  per  acre.  It  was 
knped  on  an  average  once  in  11  days,  and  the  sand  removed  was 
tqaivalent  to  l.lfl  oabio  yards  per  million  gallons. 
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Monthly  Averages  of  Analy$e»  of  Effiutnt  of  FiUtr  Xo.  40. 
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Filter  No.  47. 

Tbig  filter  was  put  in  operation  Sept.  8,  1893,  and  contaiDed  <>0 
inches  id  depth  of  sand  of  an  effective  size  of  0.29  millimeter.  The 
saod  was  of  the  same  size  and  from  the  same  lot  as  that  of  No.  44. 
It  has  been  operated  iotermitteDtly  in  the  same  manner  as  No.  41 
(see  page  503). 

From  September  8  to  December  8  it  was  scraped  twice,  an 
average  of  once  in  42  days.  The  average  depth  removed  was  0.45 
inch,  and  the  average  quantity  of  water  filtered  between  scrapin<r9 
was  equivalent  to  100  million  gallons  per  acre.  The  sand  removed 
was  equivalent  to  0.60  cubic  yard  per  million  gallons. 


MonMy  Averages  of  Analyses  of  Effluent  of  FUUr  No.  47. 

[rarUp«r  100,000.) 
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FiLTEB  No.   48. 

Thia  filter  was  put  in  operation  Sept.  9,  1893,  and  contained  60 
inches  in  depth  of  eaud  of  an  efiTectire  size  of  0.38  millimeter.  It 
has  been  operated  intermittently  in  the  same  way  as  No.  41  (see 
page  503). 

Up  to  December  8  it  was  scraped  but  once,  —  71  days  after  it  was 
first  put  in  operation.  The  depth  removed  was  0.88  inch,  which 
was  equivalent  to  0.66  cubic  yard  per  million  gallons  of  water.  The 
quantity  filtered  up  to  the  time  of  the  scraping  was  equivalent  to  181 
million  galtons  per  acre. 

Monthly  Averages  of  Jnatyaes  of  Effluent  of  FiUer  No.  48. 
[Psrti  par  loo.ooo.] 
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FiLTEK  No.  49. 
This  filter,  a  duplicate  of  No.  48,  was  put  in  operation  Sept.  9, 
1893.  It  baa  been  operated  continuously.  Up  to  December  8  the 
surface  was  scraped  4  times,  an  average  of  once  in  37  days.  The 
average  depth  removed  was  0.32  inch,  and  the  average  quantity  of 
water  filtered  between  scrapings  was  equivalent  to  79  million  gal- 
lons per  acre.  The  sand  removed  was  equivalent  to  0.53  cubic  yard 
per  million  gallons. 
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Motakly  Avcragta  oj  Analyses  of  EffluetU  of  Filler  No.  49. 


[P.rt 


"■] 


Efllqant. 
OiUloni 

TniFKU- 

Oko.  r. 

,„»,. 

— 

1 

t 

=„™., 

i 

I 

1 

n 

4. 

1^ 

c'SL 

Bin- ma. 

1 

1 

11 

i 

ill 

ll 

II 

3.gM,aD0 

u 

N 

.MSB 

.0141 

a 

-om 

.woo 

-M 

00 

U4 

10 

OMhtt.        . 

2.«M,(»0 

91 

6T 

.it' 

WIS 

.0102 

.0S6i 

.0000 

.20 

n 

HI 

7 

S.W.0O0 

42 

U 

.41  1 

.0152 

.» 

.0170 

.0001 

.4ft 

M 

TS 

11 

s,s(«,ooa 

u 

30 

.41 

.WM 

.oiu 

.30 

.0S30 

.0002 

-u 

N 

1« 

' 

FiLTEBB   N08.   3B   AND   8  A. 

These  filters  are  each  one  two-huodredth  of  an  acre  in  area,  and 
contain  5  feet  in  depth  of  sand  of  an  effective  size  of  0.23  millimeter. 
This  sand  was  taken  from  the  aame  place  aa  that  which  was  used  ia 
the  construction  of  the  Lawrence  city  filter,  and  in  size  it  ia  very 
similar  to  a  large  proportion  of  the  sand  in  the  city  filter.  The 
maximum  rate  at  which  this  sand  wilt  allow  water  to  pass,  when  the 
acting  head  is  equal  to  the  depth  of  the  sand,  is  estimated  at 
43,000,000  gallons  per  acre  daily.  The  maximum  loss  of  head  in 
the  case  of  each  filter  is  about  73  inches. 

Filter  No.  3  B  has  been  operated  intermittently  since  Sept.  23, 
1893,  aa  follows:  at  5  a.m.  the  gate  on  the  outlet  pipe,  to  which 
no  trap  has  been  attached,  was  closed,  and  the  water  tamed  on  at 
the  top,  near  the  edge.  When  the  filter  was  covered  (about  7.30 
A-M^)  the  gate  on  the  outlet  pipe  was  opened  to  give  the  prescribed 
rate  of  filtration,  and  the  surface  was  kept  covered  antil  9p.u.,  when 
the  water  was  shut  ofi*  and  the  filter  allowed  to  drain  during  the  night. 
The  filter  has  been  operated  in  this  manner  six  days  io  a  week,  and 
allowed  to  rest,  after  draining,  on  the  seventh  day.  The  rate  of  flow 
WHS  10  gallons  per  minute  for  about  18  hours  during  the  day.  This 
rate  is  equivalent  to  2,880,000  gallons  per  acre  daily  (24  hoars). 
In  addition  to  the  quantity  of  effluent  obtained  at  this  rate  for  16 
hours  daily  there  is  the  daily  drainage  of  the  water  held  in  the  porea 
of  the  sand,  equivalent  to  about  400,000  gallons  per  acre.  On 
Feb.  27, 1894,  the  rate  was  reduced  ftom  10  to  8  gallona  per  minute, 
owing  to  a  lack  of  water  supplied  by  the  inlet  ftp*.    Thm  Intel 
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quantity  of  effluent  yielded  up  to  May  1,  1894,  was  equivalent  to 
356,191,100  gallons  per  acre,  which  is  an  average  daily  rate  of 
1,650,000  gallons  per  acre,  or  1,925,000  gallons  for  each  of  the  six 
days  weekly  on  which  it  was  actually  operated.  The  first  occasion 
on  which  the  filter  failed  to  yield  water  at  the  prescribed  rate  was 
on  December  19,  when  the  total  quantity  of  effluent  was  equivalent 
to  153,105,500  gallons  per  acre.  The  outlet  gate  was  closed,  with 
the  surface  covered,  from  9.25  to  10.25  a.m.,  during  which  time  the 
air  that  had  been  held  in  the  pores  of  the  sand  bubbled  up  through 
the  surface  and  caused  the  water  level  to  drop  5  inches.  This  treat- 
ment was  repeated  on  Dec.  24,  1893,  Jan.  13,  15,  16  and  17,  1894. 
Ice  was  removed  from  the  surface,  in  order  to  facilitate  the  dis- 
placement of  air  by  water  within  the  filter,  as  follows  :  January  4, 
2  to  8  inches;  January  16,  4  inches;  February  26,  6  inches.  The 
ice  was  broken  along  the  edges  on  January  15,  when  it  was  6  inches 
thick.  The  filter  was  drained  every  night,  and  from  1  to  3  inches 
of  frost  frequently  appeared  at  the  surface  and  caused  an  unfavorable 
efiect  upon  the  removal  of  bacteria  and  upon  nitrification  during 
the  winter  months  (see  pages  468  and  481).  On  Jan.  31,  1894,  a 
wooden  conduit,  similar  to  the  lateral  conduits  at  the  Lawrence  city 
filter,  was  placed  across  the  middle  of  the  surface  to  aid  in  the  distri- 
bution of  the  water.  The  filter  was  scraped  about  0.6  of  an  inch  deep 
on  March  17, 1894,  and  the  surface  ridged ;  the  depth  of  sand  at  the 
sides,  at  right  angles  to  the  conduit,  was  increased  6  inches,  and  the 
surface  graded  ofi*  toward  the  centre,  somewhat  similar  to  the  arrange- 
ment of  the  surface  of  the  Lawrence  city  filter.  It  was  not  necessary 
to  scrape  the  surface  at  this  time  to  relieve  clogging,  as  the  loss  of 
head  was  only  18.5  inches  on  this  date.  The  total  quantity  of  efflu- 
ent up  to  this  time  was  equivalent  to  295,226,500  gallons  per  acre. 
The  discolored  and  partially  clogged  sand  removed  was  equal  to  0.27 
cubic  yard  per  million  gallons.  The  reason  that  this  filter  yielded 
so  much  more  water  without  scraping  than  No.  8  A,  its  continuous 
mate,  was  that  the  method  of  operation  practised  caused  a  dis- 
turbance of  the  accumulating  sediment  on  the  surface.  The  effect 
of  this  was  also  felt  in  the  bacterial  results,  as  will  be  seen  beyond. 

In  the  tables  on  the  pages  beyond  are  presented  the  daily  results 
obtained  from  Filters  Nos.  3B  and  8  A,  and  in  the  foot-notes  men- 
tion is  made  of  all  special  features  in  the  operation  of  the  filters. 

Filter  No.  8  A  has  been  operated  continuously  since  September 
26  at  the  rate  of  7  gallons  per  minute,  equivalent  to  2,016^000  gal- 
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Ions  per  acre  daily.     The  rate  of  filtration,  which  is  controlled  by  a 
gate  on  the  outlet  pipe  to  which  no  trap  was  attached,  was  reduced 
on  February  27  to  5  gallons  per  minute,  owing  to  a  reduction  in  the 
quantity  of  water  delivered  by  the  inlet  pipe.     The  total  quantity  of 
effluent  yielded  up  to  May  1,  1894,  was  equivalent  to  359,850,300 
gallons  per  acre,  which  is  an  average  daily  rate  of  1,660,000  gal- 
lons per  acre.     During  this  period  the  surface  was  scraped  six  times, 
as  follows:  October  24,  November  13,  December  2,  February  21, 
March  17  and  April  23.     The  depth  removed  in  each  case  was  about 
0.3  of  an  inch,  which  is  equivalent  to  0.70  cubic  yard  per  million 
gallons  on  an  average.     The  average  quantity  of  water  yielded  be- 
tween  scrapings  to  relieve  clogging  was  58,200,000  gallons  per 
acre ;  the  minimum,  36,900,000  gallons ;  and  the  maximum,  147,- 
600,000  gallons  per  acre.     The  average  number  of  days  between 
scrapings  was  35,  the  minimum  19  and  the  maximum  81.     During 
the  latter  period  (December  2  to  February  21)  the  filter  became 
clogged  seven  times,  as  follows :  December  29,  January  16,  26  and 
29,  February  10,  12  and  19.     On  each  occasion  the   prescribed 
quantity  of  water  failed  to  pass  through  the  filter  with  the  gate  on 
the  outlet  pipe  wide  open.     The  pores  of  the  sand  at  these  times 
contained  considerable  air;    how  much  of  it  was  evolved  by  the 
water  is  not  definitely  known,  but  it  appears  now  that  the  greater 
part  came  through  the  untrapped  outlet  pipe,  which  was  only*partly 
filled  with  water  on  these  days.     By  shutting  the  gate  on  the  outlet 
pipe  the  air  rose  to  the  surface  and  disturbed  the  layer  of  accumu- 
lated sediment  sufficiently  to  allow  filtration  to  proceed  for  some 
days.     To  facilitate  the  displacement  of  air  within  the  pores  by 
water  the  ice  was  removed  as  follows :   December  29,  3  to  8  inches ; 
January  16,  2  to  8.5  inches ;  January  29,  6  inches ;  February  12,  3 
to  6.5  inches;  February  21,  2  to  6  inches.     The  ice  was  broken 
along  the  edge  on  February  10  and  19.     The  space  above  the  top 
of  the  sand  was  9  inches.     It  is  probable  that  scraping  could  have 
been  considerably  longer  postponed  by  continuing  this  method  of 
treatment.     The  filter  was  scraped  on  March  17  for  the  sake  of  get- 
ting conditions  for  experiments  comparable  with  those  in  No.  3  B. 
The  filter  was  not  clogged  on  that  date.     Neither  filter  was  at  any 
time  protected  from  the  weather. 

The  monthly  averages  of  the  results  of  chemical  and  bacterial 
analyses,  which  have  already  been  discussed,  are  presented  in  the 
following  tables :  — 
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Monthly  Averages  of  Analyaea  of  Merrimack  River  Water  taken  from  the  CancU 
and  applied  to  Filters  ffos.  3  B  and  8  A. 
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The  bacterial  samples  in  this  and  in  the  two  foUowing  tables  cor- 
respond AS  to  time  of  collection  to  the  chemical  samples.  The 
results  of  daily  bacterial  analyseB  will  be  found  beyond. 
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XorUMy  Averagea  of  AttalytM  of  Efflutnt  of  {Contin 
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The  treatmeDt  of  this  filter  on  Maroh  17,  1894,  by  wbioh  the  na- 
fitce  was  ridged  in  the  manner  already  described,  appetred'to  1b— an 
the  mechanical  disturbance  of  the  sand  during  the  prooeas  al  fiUing 


No.  34.] 


FILTRATION  OF  WATER. 


515 


the  filter  from  the  top,  and  thereby  increase  its  bacterial  efficiency. 
The  average  of  the  results  given  above  show  that  during  the  period 
November  to  April,  inclusive,  this  filter  allowed  2.13  per  cent,  of  the 
number  of  applied  bacteria  to  pass  through  into  the  effluent.  These 
results,  however,  cover  only  the  first  eight  hours  of  each  day's  flow, 
and  it  has  been  learned  that  during  the  latter  half  of  the  flow  (4 
P.M.  to  midnight)  the  efficiency  is  practically  the  same  or  a  very  little 
greater  than  at  4  p.m.  Averaging  then  the  results  obtained  at  4  p.m. 
with  the  total  average  for  the  first  half  of  the  day  (8  a.m.  to  4  p.m.) 
we  find  that  1.93  per  cent,  of  the  number  of  applied  bacteria  passed 
through,  —  a  removal  of  98.07  per  cent. 


Monthly  Averages  of  Bacterial  BeauUs  from  (Continuous)  Filter  No,  8  A, 
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Experiments  upon  this  filter  show  that,  under  normal  conditions, 
its  efficiency  in  removing  bacteria  is  substantially  the  same  during 
the  entire  twenty-four  hours.  The  averages  given  above  include  all 
results  obtained  and  indicate  that  in  some  cases  somewhat  variable 
numbers  were  found  in  the  effluent  during  the  day.  This  is  explained 
by  the  existence  of  some  abnormal  condition  during  a  very  few  days 
in  the  month.  The  average  results  for  the  period,  November  to 
April,  inclusive,  show  that  the  effluent  contained  0.91  per  cent,  of 
the  number  of  applied  bacteria,  —  a  removal  of  99.09  per  cent. 
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Quantity  of  effluent  for  month  was  40,786,200  gallona  per  aere. 

February  8,  inlet  pipe  frozen  and  anrface  uncovered.  February  10,  ice  4  inchee  thick  broken  along 
th«  aidee  and  outlet  closed  IM  A.M.  to  8.46  p.m.  February  12,  ice  3  to  8.6  inchee  thick  removed  and  out- 
let closed  8  A.M.  to  1.40  P.M.  February  10,  ioe  4  inches  thick  broken  along  the  si4es  and  outlet  dosed 
8.aO  A.M.  to  February  20,8  a.m.  February  21, 2  to  8  inches  ice  removed  and  surface  scraped.  After 
filling,  filter  was  allowed  to  stand  with  outlet  closed  from  0  p.m.  till  8  a.m.  the  next  morning.  February 
14,  inlet  pipe  frozen  and  surface  uncovered.  February  15,  filter  allowed  to  drain.  February  28,  filled 
with  city  filtered  water  from  below  and  allowed  to  stand  over  night  with  outlet  dosed.  February  27, 
rale  redueed  from  7  to  6  gallons  per  minute. 
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Lawbeitce  Citt  Filteb. 

This  filter  was  first  put  io  ose  Sept.  20,  1893.  The  coDstraction 
and  operation  of  the  filter  are  fully  described  in  an  article  beyond  by 
its  designer,  Mr.  Hiram  F.  Mills,  A.M.,  C.E.,  chairmau  of  the 
committee  on  water  supply  and  sewerage  of  the  State  Board  of 
Health.  Briefly,  it  is  2.5  acres  in  area ;  the  underdrains  conduct 
the  effluent  to  a  collecting  conduit  and  thence  to  the  pomp  well. 
The  nominal  capacity  of  the  pumps  is  5,000,000  gallons  in  24  hours, 
and  when  pumping  at  this  rate  water  passes  through  the  filter  at  a  rate 
of  2,000,000  gallons  per  acre  in  24  hours.  The  average  daily  con- 
sumption is  a  little  over  3,000,000  gallons,  and  the  pumps  work  on 
an  average  about  16  hours ;  under  ordinary  circumstancea,  the  sur- 
face of  the  filter  is  uncovered  and  the  sand  drained  about  8  boure 
daily.  The  efBuent  is  pumped  to  the  open  distribating  reserrtHr, 
which  is  25  feet  deep  at  the  high-water  mark  and  has  a  capacity  of 
40,000,000  gallons. 

Very  frequent  analyses,  both  chemical  and  bacterial,  have  been 
made  of  the  Merrimack  Siver  water  before  and  after  ita  passage 
through  the  filter,  as  it  leaves  the  reservoir,  and  from  taps  at  the 
City  Hall  and  Expetiment  Station,  which  are  distant  about  1.5  and 
2.5  miles,  respectively,  from  the  reservoir.  A  sumouty  of  the 
results  of  these  analyses  is  presented  below. 

MonUily  Averaget  of  the  Anatt/ses  of  the  iterrtmaek  Biver  Water  at  it  fiomi  on 
to  the  Lawrence  Gity  Filler. 
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Monthly  Averages  of  AnalyHt  of  Efflttent  jrom  the  Oily  J? 

[ParupcrlCt.ODO.] 
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Mo«nibw.   .      . 

44 

M 

.0084 

.0110 

- 

.21 

.0180 

.0000 

.32 

04 

S8 

M 

.0088 

.am 

.0116 

.20 

.0800 

.0001 

.38 

141 

ItM. 

JuouT,       .       . 

88 

■U 

.0084 

.nis 

.0104 

.10 

.ono 

.0000 

.13 

2.7 

t> 

V*bJTiU7,     .        . 

ti 

.M 

.OOU 

.0104 

.0101 

.21 

.0410 

.0000 

.80 

2.1 

118 

Ifu^.        .        . 

n 

.M 

.OOM 

.OOK 

.0002 

.20 

.0160 

.0000 

.17 

2.8 

178 

Apm.  .     .     . 

■" 

.nm 

.oow 
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- 

.0200 

.0000 

.r 

1.0 
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Monthly  Averages  of  Analyses  of  Water  Jrom  a  Tap  at  the  Lawrence  City  Hall* 

[ParU  per  100,000.] 


MOKTB. 


IMS. 

September,      . 

04 

October,  . 

fiO 

Kovember, 

61 

December, 

42 

1S94. 

jMiaftry, . 

88 

February, 

88 

March,     . 

80 

April, 

- 

o 


.80 
.26 
.81 
.84 

.86 
.83 
.30 
.33 


Ammovia. 


.0036 
.0026 
.0032 
.0089 

.0060 
.0043 
.0048 
.0081 


s 

a 


.0140 
.0186 
.0120 
.0103 

.0117 
.0106 
.0107 
.0101 


a 


.22 
.24 
.22 
.20 

.20 
.21 
.10 
.19 


UlTIOOBV  AB 


I 
i 


.0290 
.0290 
.0290 
.0800 

.0800 
.0400 
.0800 
.0800 


i 


.0008 
.0001 
.0000 
.0001 

.0000 
.0000 
.0000 
.0000 


a 

0 


.26 
.90 
.29 
.84 

.82 
.80 
.27 
.27 


1 
I 

S 


2.7 
2.9 
2.6 
2.4 


II 
II 


312 

m 

69 
16 

II 

102 

93 

100 


Monthly  Averages  of  Analyses  of  Water  from  a  Tap  at  the  Lawrence  Experiment 

Station. 

[PsrU  per  100,000.] 


Temperature. 

Color. 

AUMONIA. 

• 

«» 
a 

1 

5 

,  NmooBV  AC 

• 

1^ 

II 

i 

H 

MOITTH. 

• 

1 

f 

1 

i 

< 

1 

i 

B 

1S98. 

1 

September,  . 

63 

.26 

.0016 

.0136  , 

1 

.22 

.0800 

.0002 

.28 

64 

" 

2U 

October, 

69 

.24 

.0021 

.0121 

.24 

.0270 

.0000 

.20 

79 

140 

November,    . 

61 

.30 

.0020 

.0108 

.22 

.0810 

.0000 

.29 

89 

- 

n 

December,    . 

42 

.34    ; 

.0026 

.0106 

.20 

.0840 

.0000 

.84 

94 

- 

78 

1S94. 

1 

1 

January, 

39 

.36 

.0027 

.0100 

.20 

.0870 

•0000 

.88 

96 

1.8 

19 

February,     . 

38 

.32    , 

.0086 

.0098 

.21 

.0410 

.0000 

.n 

98 

1.9 

84 

March,  . 

30 

.84 

.0088 

.0096 

.28 

.0490 

.0000 

.17 

99 

S.8 

119 

April,    • 

46 

.38 

.0028 

.0006 

.19 

.0840 

•9000 

.sr 

•r 

tU 

89 
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Monthly  Averages  of  Daily  BacUrieU  BesuUsfrom  the  Lawrence  City  Water. 


Moam. 


Bactbbia  pbk  Cubic  CxirTnuTKR  ix  Watu  fbom 


River. 


Effluent 
ftt  Filter. 


Benenroir 
Outlet. 


CltjHAll 
Tap. 


Experiment 
Station  Tap. 


October,  . 
November, 
December, 


January,  . 
February, 
March, 
AprU,       . 


ISM. 


1S94. 


Averages 

Average  per  cent,  of  number  removed, 

Average  per  cent,  of  number  of  river  bacteria 
remaining  in  water, 


20,900 
7.600 
9,800 


7,900 

8.200 

8,000 

14,700 


10,900 


658 
246 
200 


140 
260 
222 
282 


204 
97.68 

2.42 


148 
117 
162 


80 
180 
220 
127 


189 
98.78 

1.27 


127 
08 
92 


66 

88 

116 

80 


90 
99.17 

0.83 


188 
71 

72 


68 
63 
94 

78 


82 
99.28 

0.76 


Id  the  table  above  all  results  are  included  in  the  averages.  Some 
of  these  results  were  obtained  under  abnormal  conditions,  and  in  the 
table  below  are  presented  averages  from  which  are  excluded  the 
results  from  October  1  to  17,  which  were  obtained  before  the  filter 
arrived  at  its  normal  ej£ciency ;  those  of  November  27,  28  and  De- 
cember 4,  when  high  numbers  were  present  in  the  efiiuent,  which 
were  doubtless  caused  by  lowering  the  suction  pipe  in  the  pump  well 
and  thereby  disturbing  the  sediment  which  had  collected  there  before 
the  filter  was  put  in  use ;  and  the  results  from  February  20  to  March 
12  when  the  water  passed  through  a  very  limited  area  of  the  filter. 


MonMy  Averages  of  Bacterial  BesuUs  shotving  the  Normal  Efficiency  of  the  Law- 
rence City  Filler, 


IfOXTH. 


Bactbxia  pbk  CITBIO  CsilTDf BTSB 
IK  Watbx  raoM 


River. 


IMS. 

October,    ..... 

November 

December,       .... 

18M. 

Jannary, 

February 

Marah, 

April, 


8,700 
7,200 
9,700 


7.300 

8,000 

7,100 

14,700 


9,000 


Efllnent  at 
Filter. 


180 

177 
141 


140 
126 
100 
282 


160 


Percent 

of  Number 

of  Elver  Bacteria 

which 

appeared  in  the 

Effluent. 


1.60 
2.46 
1.46 


1.92 
1.68 
1.41 
1.68 


1.67 
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Tbeee  results  show  that  daring  this  period  the  oomial  efficiency  of 
this  filter  in  the  removal  of  bacteria  wrs  98.33  per  cent,  of  the  Dtun- 
ber  applied. 

Id  the  next  table  are  given  the  results  of  the  bacterial  examinatioD 
of  series  of  samples  of  the  effluent  of  the  city  filter  taken  at  different 
hours  during  tbe  day.  The  pumps  were  started  between  7  and  7.30 
A.M.  All  things  taken  into  consideration,  the  results  are  quite 
uniform  under  ordinary  circumstances.  Both  the  bacterial  and  the 
chemical  analyses  indicate  that  some  ground  water  at  times  is  mixed 
with  the  effluent. 


TaMe  ihowing  the  Number  of  Bacteria  per  Cubic  CentimeUr  at  Different  Bourt  ii 
the  EffiuetU  of  the  Lawrence  Oily  FiUer. 


II 

- — 







E>:^« 

TiTE, 

«.c.n 







^^ 

7.M. 

;.M 

«».«. 

..... 

1»*.M. 

.1^. 

Ua. 

..... 

«,.». 

Ir.M. 

4F.IL 

,,r« 

148 

Ill 

m 

140 

73 

A^rilBO:     . 

S,!»0 

W 

IW 

m 

It, 

The  following  table  shows  the  number  of  bacteria  in  the  river 
water  before  and  after  its  passage  through  the  filter  during  the  first 
ten  days  of  its  use :  — 


l>  CDMC  ClITUITi 


Dll 

■  -ISM. 

Slv«  W.tn. 

**m^"'^ 

1.9M 

i 

tiS 

MM 
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Daily  Bacterial  Results,  Lawrtnee  City  Water. 
[Baetwia  per  coble  c«ntlmat«r.] 


1 

In  RlTer    ' 
Water. 

I«  FlLTSBSD  WATSm  VBOM 

DATS  — ISM. 

Filter. 

Beservolr 
OnUet 

Tepet 
CItyllelL 

Tap  At 

Experiment 

Button. 

« 

October  1, 

1 

- 

- 

- 

- 

2. 

34.800 

700 

870 

200 

250 

8. 

86.000    ! 

1.500 

408 

240 

880 

4. 

22.200 

2,200 

252 

818 

806 

6, 

16.500 

1,000 

285 

145 

276 

6. 

10.800 

240 

156 

120 

110 

7. 

33,000 

800 

148 

184 

96 

9.500 

726 

102 

160 

122 

10. 

24.000 

060 

108 

119 

65 

11. 

48.800 

1,020 

115 

106 

101 

12, 

55.200 

880 

128 

122 

110 

18, 

44.400 

448 

145      , 

129 

85 

14. 

60.000 

265 

120 

100 

110 

15, 

- 

- 

- 

- 

- 

1«, 

- 

- 

- 

- 

102 

17.         . 

12,500 

810 

112 

126 

121 

18. 

10,500 

228 

100 

100 

146 

19. 

9.200 

110 

106 

80 

97 

20. 

5.500 

180 

102 

80 

80 

21. 

6.200 

82 

70 

92 

90 

22, 

- 

- 

- 

- 

- 

23, 

2.500 

126 

97 

68 

117 

34, 

4,800    i 

1 

100 

77 

89 

130 

25. 

1 

23.000    1 

131 

110 

100 

180 

26. 

18.000     : 

'                                   r 

160 

112 

98 

104 

27. 

>           5.000    ' 

1 

110 

00 

76 

122 

28. 

1           6,100 

1 

65 

126 

90 

100 

», 

1            -          1 

1 

- 

- 

- 

- 

30.         . 

1                             ! 
1               '            1 

- 

- 

- 

95 

31. 

4.000    > 

1 

143 

84 

76 

85 

Total  qaantltj  of  efflnent  for  month,  87,556,523  gallone. 

The  earfeee  wm  eoraped  about  i  loch  deep  me  foliowe :  the  2  lower  bede,  October  14 ;  the  next  4. 
October  21 ;  the  next  17,  October  28 ;  end  the  remaining  5.  October  31. 
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Daily  Baeterial  BesuUt,  Lawrtnee  City  Water  —  Condnned. 

[BHUrU  par  on 


Nmrmberl                                                         HMO 

3 

S.WO 

3 

t,m 

* 

S.900 

fc 

- 



4.100 

I 

1,M) 

s, 

*.*00 



4.W 

M 

ijm 

n 

*.«» 

ifc 

1 

B.WO 

« 

(.•00 

11, 

*.T00 

M 

^M0 

". 

s,too 

18, 

- 

» 

ItKNl 

SI 

«.flW 

a 

B.UD 

as. 

Ifi.BOO 

M 

(.SIM 

M. 

M 

■ajM 

SO. 

xijoa 

», 

»,tM 

ll  riLTIUD 

Vlkia  rwM 

^. 

■^uT 

cie/^Iu. 

88 

m 

41 

.0 

ISO 

110 

M 

H 

IM 

110 

BO 

lit 

130 

w 

40 

.0 

138 

m 

05 

04 

M 

140 

M 

H 

- 

- 

- 

I 

in 

w 

01 

K 

-- 

, 

M 

lU 

» 

M 

- 

'■ 

- 

tl 

240 

110 

sa 

u 

IM 

•• 

40 

« 

»;« 

IK 

too 

« 

IM 

u 

90 

SlU 

H 

« 

100 

140 

100 

oo 

M 

.40 

u 

TO 

71 

LOOK 

1« 

TO 

4S> 

. 

IM 

m 

100 

tool  quDUtr  of  •fflucnl  let  nWDlb.  4i,UT.S3f  (bUobi. 

Omta  «D  InlH  p<p«  Hixl  Itonmbar  11  ud  10. 

BBcUon  plpclo  puinp-wiill  IswerMJ  HooeiabcrlT. 

Th«  Moood  Knplicol  tb*  (DrfBH,  Bbonl  )  Inoh  iImp.vm 
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Daily  Bacterial  BeauUs,  Lawrence  City  Witter — Contiiiiied. 

[Baclarim  p«T  eublo  MDUmaur.] 


— 

\t5r 

>  F<LTHU<» 

W<T«  F>0- 

■ 

I>«ri-lSBl. 

™„. 

KcMTmli 
OuUM, 

CHy^n. 

Eiptrtment 

c»m 

ber  1 

U,300 

- 

100 

83 

2. 

1S,M0 

75 

70 

t. 

UWMO 

mo' 

2U 

100 

78 

e. 

11,700 

118 

>3 

e. 

11,000 

sw 

100 

NO 

01 

7. 

11,000 

ISO 

110 

SB 

e, 

11,1(» 

100 

105 

70 

10 

fl, 

10,MO 

TO 

08 

w, 

O.W0 

MS 

60 

08 

IS, 
13, 

0,000 

2U 

m 

IS 

11, 

0,000 

- 

so 

Ta 

IS, 

Ifl. 

10,!B» 

m 

lis 

M 

7> 

n. 

18, 

12,800 

SO 

70 

10, 

8,000 

102 

u 

08 

m 

20, 

11,000 

s,ooo 

87 

74 

M 

M. 

0.100 

- 

08 

BO 

ffl. 

8,100 

- 

- 

83 

" 

25, 

28, 

10,300 

- 

- 

Bi 

14 

n. 

»,B0O 

Ill 

117 

78 

g« 

M. 

6J00 

- 

74 

67 

M, 

0,000 

70 

ISD 

74 

87 

M, 

T.BO0 

- 

D« 

TS 

SI, 

- 

- 

- 

Total  quuUlr  of  -cfflnant  for  month,  90,302,031  galloai. 

Tba  rarfua  niulDtd  ocnenil  iTIer  IlielulMnplDtaDtUatnat  Dsumtar  10,  fttUr  w 
1  dnlnad  iaUj  whro  lb*  lamptratDn  wu  24'  F.  or  abon. 
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DaHy  Bacterial  BewUs,  Lawrence  City  TToter— Continued. 

[BaeterU  par  eable  etntliiMUr.] 


InRlrer 
Water. 

IV  FZLTSBXD  WaTSS  VBOM 

OoBdltkm 
of  SorfaM 

wh«n 

Pompaware 

Supped. 

Datb-ISM. 

Filter. 

Besenrolr 
Onttet. 

Tap  at 
atjBalL 

Tap  at 
Szperi- 

meat 
Statloii. 

Loaa  of 
Bead. 

Feet 

Janiuuy  1, 

4,600 

- 

- 

- 

80 

Oorarad. 

- 

2. 

6,900 

76 

128 

68 

00 

Drained. 

- 

8, 

8,000 

- 

08 

00 

68 

M 

- 

4. 

7,600 

76 

72 

68 

61 

•• 

- 

»> 

0,000 

- 

78 

60 

70 

•• 

- 

o»      . 

6,600 

196 

- 

66 

04 

CoTerad. 

- 

7,        i 

- 

- 

- 

- 

- 

•• 

- 

8,        . 

8,700 

122 

98 

46 

77 

M 

- 

0. 

0,000 

88 

104 

77 

88 

•• 

- 

10,        . 

7,100 

80 

114 

60 

01 

U 

- 

u,      . 

6,800 

- 

94 

40 

00 

•• 

- 

12.        . 

7,400 

116 

78 

39 

04 

Drained. 

- 

15,        . 

8,200 

187 

§2 

72 

78 

Oofered. 

8.1 

li.        . 

- 

- 

- 

- 

- 

•• 

- 

16,        . 

0,800 

102 

90 

71 

84 

•• 

3.9 

18,        . 

T,600 

101 

94 

00 

§2 

Drained. 

8.8 

17.        . 

7,700 

141 

96 

61 

67 

OoTerad. 

3.7 

18,        . 

7,400 

200 

98 

71 

08 

Drained. 

3.0 

w.      . 

10,600 

188 

77 

06 

02 

•• 

8.7 

ao.      . 

0.100 

162 

78 

TO 

68 

•« 

8.6 

n.      . 

- 

- 

- 

- 

- 

Oorerad. 

- 

23.        • 

7,600 

168 

61 

68 

46 

•« 

2.9 

28,        . 

8,000 

102 

60 

00 

77 

Drained. 

8.6 

24.        . 

6,000 

146 

84 

44 

88 

•• 

8.8 

26,        . 

8,000 

102 

62 

26 

40 

•fl 

8.0 

28, 

0,800 

117 

60 

81 

80 

Corered. 

8.2 

27,        . 

6,000 

181 

74 

40 

48 

•• 

2.8 

28, 

• 

- 

- 

- 

- 

M 

- 

29,        . 

9,000 

112 

66 

68 

•4 

M 

8.0 

80,        . 

7,000 

187 

78 

OS 

84 

DniMd. 

8.0 

81,        . 

9,800 

208 

74 

06 

88 

•• 

8.1 

Total  qnantlty  of  efBoent  for  moBlh,  96,188;Ht  ftfkan. 
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Dmlt/  Bacterial  Beautta,  Lawrence  Oily  Wdier —  CoDtbaed. 

] 


rn  Blrer 

,.mTu.^w.t»>»,>. 

CoDdlUon  cf 
8U.Vp.d. 

DATI-IM4. 

FBI.,. 

BeierTOIr 

oS'i 
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Bnd. 
F«l. 

2. 
3. 
i. 

s, 

«. 

i, 
s. 
t, 

10. 

". 

M, 

la. 
1*. 

IS, 

l^ 

IS, 

w. 

10. 

33, 
S3, 

u. 

K, 

;;: 

&,eoo 

. 

7.800 

io,a(« 

B.IWO 
T,9(» 

T.»W 

ll.»Q 

T.IM 
7.1M 

«,ei» 

8.100 
T/MO 

10.JW 
11,200 
•.SO* 
B,MU 
T,000 
9,«» 

0,«» 

0,400 

;: 

■„ 
- 

;;; 

m 

in 

3Bfl 
MT 

m 

138 

U 

61 
87 

83 

15T 
3U 

ue 

M 

as 

68 
M) 

M 

118 

948 
lU 

M 
U 
81 

48 

N 

ae 

«8 

SO 
w 

M 

180 

Ooiend. 

Dninad, 
Corwed. 
D™lii«i. 

Dnlii«d. 

3.5 

i.a 

l.B 

4.8 
4.1 

4.0 
8.8 

«.o 

1.0 

I.I 

8.8 
T.O 

1.0 

f«et  of  joa  PD  Ibu  nurfuce,  sod  ]aplu»aon  theildfloppoiltfl  front 
rci£«D  to  tfaa  mad  coT]Bhli>rabJu  ilr  vma  Id  ttu  porH  of  llw  auid. 
8  (mi  ta  wldlta  wu  Ki*p*d  kloog  Hoh  lutenl  soadalt  lor  mbont 
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Daily  Bcusterial  BesuUs,  Lawrence  City  Water  —  Continaed. 

[Bacteria  per  cubic  centtmeter.] 


Datb~18M. 


March  1,  • 

2,  . 

8.  . 

4.  . 

6,  . 

6,  . 

7,  . 

8,  . 

9,  . 

10,  . 

11,  . 

12,  . 

13,  . 

14,  . 

15,  . 

16,  . 

17,  . 

18,  . 

19,  . 

20,  . 

21,  . 

22,  . 

23,  . 

24,  . 

25,  . 

26,  . 

27,  . 

28,  . 

29,  . 

30,  . 
81,  . 


In  Blver 
Water. 


6,500 
9,900 
5,000 

7,000 
12,200 
16,000 
18,400 
13,000 
13.000 

9.200 
9.800 
8,600 
7,800 
7,200 
5,000 

4,400 
7,000 
5.000 
3.000 
8.100 
5,000 

4,500 
3.500 
3.000 
2.000 
8,700 
10,200 


IV  FlLTaBBD  WaTBB  FKOM 


Filter. 


350 
410 
588 


305 
360 


825 


711 


198 
166 

93 
99 
98 
75 
76 
65 

87 

110 

88 

74 
78 


Beterrolr 
Outlet. 


284 
346 
295 

408 
806 
420 
890 
270 
810 

262 
270 
240 
290 
287 
262 

116 
103 
124 
195 
107 
76 

04 

78 
108 

93 
110 

90 


Tap  at 

Cltjr  Hall. 


211 
157 
186 

185 
162 
170 
182 
170 
140 

110 
128 

98 
117 
191 

72 

78 
50 
48 
86 
46 
42 

48 

58 

67 
186 
122 
ISO 


Tap  at 
Experi- 
ment 
Station. 


180 
116 
179 

100 

104 

88 

74 

65 

280 


180 

112 

68 

90 

71 

40 
60 
58 
68 

86 
57 

80 
81 
82 
58 
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THE  FILTER  OF  THE  WATER  SUPPLY  OF  THE  CITY  OF 

LAWRENCE  AND  ITS  RESULTS. 


By  HIRAM  F.  MILLS,  A.M.,  C.E.. 
Member  op  the  State  Board  of  Health  of  Massachusetts. 


The  Lawrence  pumping  station  is  by  the  side  of  the  Merrimack 
River  above  the  city  and  about  a  thousand  feet  up  stream  from  the 
nearest  house.  The  water  was  drawn  from  the  river  through  a 
thirty-inch  iron  pipe  continued  to  the  engine  house  by  a  brick  con- 
duit four  feet  in  diameter.  At  right  angles  with  this  conduit,  and 
extending  down  stream  from  the  engine  house  for  three  hundred  feet 
along  the  shore,  was  a  stone  and  brick  filter-gallery  eight  feet  wide 
and  eight  feet  high  inside,  the  bottom  of  which,  as  well  as  the  bottom 
of  the  conduit  from  the  river,  was  about  level  with  the  bottom  of  the 
pump  well  under  the  engine  house  and  eleven  feet  below  low  water 
in  the  river. 

The  river  water  brought  so  much  silt  at  the  time  of  the  spring  and 
fall  freshets  that  the  shore  became  impermeable,  and  soon  after  the 
works  were  constructed  it  became  evident  that  the  filter-gallery 
received  little  or  no  water  from  the  river  side  and  the  quantity 
received  from  the  land  side  was  insignificant.  The  works  have  been 
in  use  about  seventeen  years.  For  some  years  after  they  were  built 
there  was  a  diminution  Jn  the  number  of  deaths  by  typhoid  fever 
from  the  number  when  well  water  was  used,  and  no  one  thought  of 
direct  poisoning  by  sewage  of  the  water  taken  from  the  river  nine 
miles  below  Lowell  with  a  fall  of  ten  feet  through  a  rapid  a  mile  long 
on  the  way.  Many  made  the  remark  that  running  water  purified  itself 
in  a  less  distance  and  put  away  any  fear  of  contamination,  while  a 
few  did  not  like  to  drink  water  into  which  the  sewage  of  seventy 
thousand  people  was  poured  only  eight  hours  before  it  reached  the 
intake  of  the  water  works. 

Shortly  after  the  State  Board  of  Health  was  reorganized  in  1886 
the  Experiment  Station  was  established  at  Lawrence,  and  it  was 
soon  foand  that  all  of  the  bacteria  in  sewage,  amounting  generally  to 
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several  hundred  thousand  in  every  thimbleful,  could  be  removed  by 
slow  intermittent  filtration ;  also,  that  the  same  result  could  be  at- 
tained by  filtering  water  at  a  more  rapid  rate,  but  not  at  a  rate  that 
rendered  it  practicable  to  apply  to  a  city's  water  supply.  Experi- 
ments of  the  Board  with  rapid  mechanical  filters  showed  a  large 
percentage  of  the  bacteria  remaining  in  the  filtered  water,  and 
experiments  at  Berlin  indicated  that  the  continuous  filters  of  that 
city  allowed  some  of  the  germs  of  typhoid  fever  to  pass  through; 
enough  to  cause  sickness  in  the  city. 

In  1890  a  careful  study  of  the  deaths  from  typhoid  fever  in  the 
cities  of  the  State  showed  that  the  cities  of  Lowell  and  Lawrence 
had  nearly  three  times  the  average  number,  from  the  same  popula- 
tion, in  other  cities  ;  and  that  during  the  season  —  August,  Septem- 
ber and  October  —  when  other  cities  had  the  most  typhoid  fever, 
Lowell  and  Lawrence  had  about  the  same  number  .as  other  cities, 
but  a  month  or  more  later  the  deaths  in  Lowell  reached  three  and 
four  and  eight  times  the  deaths  in  other  cities,  and  after  another 
month  those  of  Lawrence  increased  by  a  still  greater  ratio,  so  that 
in  some  years  the  deaths  in  January  and  February  from  this  disease 
were  more  than  the  actual  number  in  Boston,  with  ten  times  the 
population.  This  condition,  following  year  after  year,  made  it  so 
evident  that  the  disease  came  down  the  river  to  Lowell  from  the 
cities  and  towns  above,  and  then  came  with  greater  intensity  from 
Lowell  to  Lawrence,  that  the  State  Board  of  Health  made  strenuous 
efibrts  to  produce  a  filter  that  would  remove  all  disease-producing 
germs  that  could  be  applied  to  it,  and  at  the  same  time  filter  rapidly 
enough  to  serve  for  a  city's  water  supply.  Billions  of  typhoid-fever 
germs  were  cultivated  and  applied  to  filters  of  different  constiiiction, 
and  in  1891  we  succeeded  in  removing  all  tliat  were  applied  when 
filtering  two  million  gallons  per  acre  daily.  Then  the  Board  advised 
the  citv  of  Lawrence  to  filter  its  water,  and  offered  to  show  how  to 
do  it. 

Such  a  filter  would  require  some  layers  of  quite  fine  sand,  and  it 
was  thought  necessary  to  first  take  out  the  very  fine  river  silt  from 
the  water  by  means  of  a  coarser  sand  filter  at  the  river  bank.  Fur- 
ther experiments  showed  that  the  construction  of  a  filter  at  the 
river  bank  with  a  sand  coarse  enough  to  allow  the  river  silt  to  be 
deposited  upon  it,  if  removed  promptly,  would  serve  to  remove 
ninety-eight  per  cent,  of  all  of  the  bacteria  of  the  river  water  and  a 
still  larger  per  cent,  of  the  disease  producing  germs ;  and  couidAra- 
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tions  of  economy  and  the  immense  advantage  of  such  a  filter  with 
the  probability  of  this  or  none,  with  an  unbelieving  public,  induced 
the  State  Board  of  Health  to  advise  the  city  to  immediately  con- 
struct such  a  filter  and  save  the  fifbv-seven  lives,  which  was  the 
annual  excess  of  deaths  by  this  disease  over  that  of  the  same  num- 
ber of  inhabitants  in  cities  of  the  State  having  a  good  water  supply. 

In  1892,  in  view  of  the  possibility  of  cholera  getting  into  Lowell 
and  making  it  necessary  to  cut  off  the  Lawrence  water  supply,  the 
city  government  made  an  appropriation  for  beginning  the  work  of 
constructing  the  filter  in  accordance  with  the  advice  of  the  State 
Board  of  Health  and  under  its  direction. 

The  general  design  was  to  excavate  the  bed  and  bank  of  the  river 
to  seven  feet  below  low  water  for  a  width  of  about  one  hundred  and 
fifty  feet  out  from  the  old  filter-gallery  and  from  the  high  water 
shore  down  stream  from  this,  making  a  length  of  about  seven  hun- 
dred and  fifty  feet  and  an  area  of  excavation  of  two  and  one-half 
acres  (see  Plate  I.,  Fig.  7).  The  suitable  material  from  the  excava- 
tion was  to  be  put  into  a  tight  embankment,  on  the  ends  and  river 
side,  canied  to  nine  feet  above  low  water  in  the  river  or  high 
enough  to  exclude  the  highest  freshets.  The  excavation  was  to  be 
then  filled  for  a  depth  of  about  five  feet  with  suitable  filtering  sand 
properly  underdrained  into  the  old  filter-gallery  and  into  a  small 
perforated  conduit  in  extension  of  the  gallery. 

The  top  of  the  sand,  being  two  feet  below  low  water  in  the  river, 
could  by  a  proper  inlet  be  flooded  by  gravity  to  a  depth  of  about  two 
feet,  thus  forming  a  shallow  pond  of  two  and  a  half  acres  area,  which 
would  gradually  filter  downward  through  the  sand  to  the  underdrains 
and  be  conveyed  to  the  old  gallery,  and  through  this  to  the  pump- 
well. 

One  of  the  essential  qualities  of  the  design  required  that  the  inlet 
water  should  be  shut  off  once  a  day  and  the  pumps  kept  running 
until  the  sand  was  uncovered  and  the  water  within  the  sand  drawn 
out,  so  that  the  sand  could  fill  with  air  from  top  to  bottom. 

This  condition  of  filling  the  sand  with  air  daily  was  regarded 
necessary  to  insure  the  burning  up  of  the  organic  matter  which  pene- 
trated the  sand  below  the  surface  and  forming  nitrates  in  the  water, 
thus  producing  conditions  the  most  unfavorable  for  the  continuation 
of  the  life  of  bacteria  within  the  water  in  their  passage  through  the 
sand  and  in  the  water  after  leaving  the  filter. 

There  is  nearly  air  enough  in  our  drinking  waters  to  supply  the 
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oxygen  which  is  necessary  to  carry  on  the  process  of  nitrification 
when  the  water  comes  in  contact  with  the  grains  of  sand  which  have 
nitrifying  bacteria  adherent,  but  the  addition  of  the  air  which  enters 
the  sand  by  drawing  the  water  out  of  it  once  a  day  causes  a  more 
complete  burning  up  of  the  organic  matter  in  the  water,  which  is  the 
nitrifying  process  spoken  of. 

The  question  may  arise,  if  water  contains  so  much  air  why  does 
not  nitrification  take  place  in  the  reservoir?  The  reason  is  that 
nitrification  will  not  take  place  unless  the  water  with  the  air  comes 
in  contact  with  certain  bacteria  which  in  some  unknown  way  cause 
the  process  to  be  carried  on.  These  bacteria  attach  themselves  to 
the  grains  of  sand  of  the  filter  and  remain  there,  and  when  air  is 
present  they  can  in  a  short  time  cause  the  nitrifying  process  to  be 
carried  on  so  completely  that  nearly  all  of  the  organic  matter  in  the 
water  is  burnt  up,  and  with  this  burning  the  disease  germs  in  the 
water  are  killed. 

The  currying  out  of  this  design  required  some  original  investi- 
gations upon  the  head  required  to  convey  a  definite  quantity  of 
water  through  sands  of  different  size  of  grain  and  through  gravel 
stones  of  different  sizes.  The  circumstances  of  the  location  would 
allow  an  expenditure  of  head  of  one  and  a  half  feet  when  the  surface 
of  the  sand  was  clean,  through  the  sand  and  through  the  underdrains 
and  conduit  to  the  pump- well,  when  drawing  the  full  quantity  of 
2,000,000  gallons  per  acre  per  day,  or  5,000,000  gallons  for  the 
field. 

The  sand  selected  to  meet  these  conditions  was  of  two  sizes,  the 
finer  of  the  two  being  placed  directly  over  *the  underdrains  and  for 
five  feet  each  side  of  them ;  and  the  coarser  occupying  the  remain- 
ing twenty  feet  between  the  drains,  and  through  which  the  water 
would  move  laterally  and  use  up  about  the  same  amount  of  head  as 
when  flowing  directly  downward  through  the  finer  sand. 

The  coarser  sand  was  such  that  70,000,000  gallons  would  flow  in 
twenty-four  hours  through  a  foot  in  depth,  covering  an  acre,  with 
the  expenditure  of  one  foot  head ;  and  the  finer  sand  would  convey 
50,000,000  gallons  under  the  same  conditions.  In  moving  ver- 
tically downward  five  feet  through  the  finer  sand,  10,000,000  gal- 
lons would  flow  through  with  the  expenditure  of  one  foot  of  head,  bat 
the  water  moving  laterally  through  the  coarser  sand  toward  the  onder- 
drain  would  crowd  the  stream  in  the  finer  sand  below  the  suiftce  so 
that  the  water  going  through  the  sur&oe  in  a  width  of  ten  ftsk  would 
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be,  near  the  bottom,  pressed  into  a  chanDel  of  perhaps  Dot  more  than 
five  feet  in  width  and  thus  decreasing  the  quantity  that  could  pass 
with  one  foot  head  to  perhaps  7,000,000  gallons  per  acre  per  day. 

As  the  water  was  to  flow  through  the  sand  with  a  daily  intermis- 
sion of  several  hours,  the  actual  time  of  flowing  would  be,  say  two- 
thirds  of  the  day,  and  would  allow  between  four  and  five  millions  to 
pass.  This  is  the  quantity  that  could  pass  with  one  foot  loss  of 
head  through  the  sand  when  the  surface  of  the  sand  is  clean,  but  the 
fine  mineral  sediment  and  the  organic  matter  brought  by  the  river 
water  choke  the  surface  and  reduce  the  quantity  of  water  that  can  pass 
through,  and  in  order  not  to  have  to  clean  the  surface  too  frequently, 
the  sand  when  clean  should  be  able  to  convey  two  or  three  times  the 
quantity  required. 

It  was  expected,  from  experiments  that  had  been  made  with  this 
water,  that  ordinarily  with  sand  grains  of  the  sizes  here  used,  the 
surface  would  have  to  be  cleaned  by  removing  from  an  eighth  to  a 
quarter  of  an  inch  and  replacing  with  clean  sand  once  a  month,  and 
that  during  freshets,  when  more  sediment  comes  in  the  river  water, 
the  surface  would  have  to  be  cleaned  oftener. 

If  the  surface  should  not  be  cleaned  as  often  as  necessary,  the 
result  would  be  a  lowering  of  water  in  the  pump-well  and  if 
neglected  until  the  surface  became  so  impervious  that  the  one  or 
two  feet  in  depth  of  water  over  the  surface  were  not  suflicient  to 
force  the  required  quantity  through  the  upper  layer,  the  drawing 
down  of  the  pump  well  to  the  bottom  of  the  sand  would  give  no 
relief,  the  surface  would  have  to  be  cleaned. 

Economy  of  construction,  the  providing  for  a  nearly  uniform  rate 
of  filtration  through  every  square  foot  of  the  area  of  the  filter,  and 
applying  the  water  to  the  surface  of  the  sand  in  a  valley  so  that  as 
it  is  filled  daily  there  will  not  be  a  current  over  the  surface  of  the 
sand  sufficiently  rapid  to  move  the  sand  grains,  caused  the  following 
section  to  be  adopted. 

The  underdrains  were  arranged  to  be  thirty  feet  apart.  The  ex- 
cavation was  not  made  to  a  uniform  depth  of  seven  feet  below  low 
water  in  the  river,  but  was  made  to  the  depth  of  eight  feet  for  a 
width  of  five  feet  where  the  underdrains  were  to  be,  and  to  the  depth 
of  six  feet  for  a  width  of  five  feet  at  ridges  between  the  underdrains, 
with  slopes  of  one  foot  in  ten  feet  between  (see  Plate  I.,  Figs.  3,  4,  5 
and  6).  Over  these  ridges  the  sand  was  filled  only  to  the  depth  of 
three  feet  for  a  width  of  five  feet  and  beyond  this  the  surface  of  the 
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saDd  rose  one  foot  in  twenty  feet  and  then  ran  level  for  five  feet  at 
a  height  of  six  feet  above  the  bottom.  Such  ridges  and  hollows 
formed  the  general  longitudinal  section  of  the  bed. 

The  direct  conduit  through  which  water  was  formerly  supplied  to 
the  pump-well  from  the  river  is  at  the  up-river  end  of  the  filter-bed 
(Plate  I.,  Fig.  1).  It  is  furnished  with  a  gate  at  the  inner  end,  and 
the  top  was  pierced  and  a  chimney  built  about  forty  feet  outside  of 
the  engine  house,  and  projecting  through  the  side  of  this  chimney  were 
set  two  iron  pipes  two  feet  in  diameter  with  a  gate  in  each,  baviog 
its  centre  two  feet  below  low  water  in  the  river.  One  of  these  is 
intended  to  supply  an  extension  of  the  works  up  the  river ;  the  other 
discharges  into  an  open  conduit  which  extends  along  the  inside  of 
the  embankment  nearly  the  whole  length  of  the  bed.  At  the  upper 
end  the  section  is  a  semi-circle  six  feet  in  diameter.  The  edge 
toward  the  bed  remains  level  throughout  its  length  at  three  feet 
below  low  water  of  the  river,  but  the  bottom  rises  gradually  from 
three  feet  below  the  edge  to  six  inches  below  at  the  lower  end,  and 
this  continues  by  a  curve  and  crosses  the  bed  in  the  down-river  valley 
with  the  edges  level,  but  the  bottom  rises  so  that  the  depth  at  the 
end  is  only  one  inch.  In  each  of  the  valleys,  thirty  feet  apart, 
extends  from  this  main  conduit  a  shallow  carrier  of  concrete  lined 
with  cement  mortar,  having  its  edges  level  with  the  edge  of  the  con- 
duit, and  extending  from  the  conduit  to  thirty-two  feet  from  the  oppo- 
site side  of  the  bed.  These  are  two  feet  wide  and  three  inches  deep 
at  the  conduit,  and  one  foot  wide  and  one  inch  deep  at  the  end.  In 
this  way  there  are  formed  edges  of  water  carriers  at  the  same  level 
and  about  one  and  one-third  miles  in  length*  over  which  the  water 
reaches  the  sand,  and  as  within  two  feet  from  these  edges  the  surface 
of  the  sand  rises  with  a  slope  one  foot  in  ten  there  is  very  little  per- 
ceptible current  over  the  sand  as  the  water  leaves  the  carriers. 

The  conduit  is  made  of  cobble  paving  stones  four  to  six  inches 
through,  laid  in  Portland  cement  mortar  on  a  layer  of  gravel  eight 
inches  thick  and  made  smooth  within  by  a  coat  of  mortar.  The 
carriers  are  made  of  cobble  stones  about  four  inches  in  diameter, 
laid  in  Portland  cement  mortar  on  the  sand,  and  made  smooth 
within.  At  the  junction  with  the  conduit  the  carriers  are  widened 
by  curves  to  prevent  washing  of  sand  at  the  turn. 

The  underdrains  enter  the  old  filter-gallery  through  holes  cot  in 
the  wall.  (See  Plate  I.,  Fig.  2.)  Glazed  sewer  pipe  Borroanded 
by  stones  are  used  for  alx)ut  four-tenths  of  the  disttnee  from  tiie 
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gallery  across  the  bed,  beyond  which  are  layers  of  stones  of  different 
sizes  without  pipes.  Beginning  at  the  gallery  is  one  length  of  ten- 
inch  pipe,  then  two  lengths  of  eight-inch  pipe,  then  from  thirty-five 
to  sixty-five  feet  of  six-inch  pipe,  ending  with  three  lengths  of  four- 
inch  pipe.  These  pipes  are  laid  apart  so  that  the  spigot  approaches 
but  does  not  enter  the  bell,  and  they  are  surrounded  by  a  layer  of 
about  four  Inches  of  stones  about  two  inches  in  diameter.  (See 
Plate  I.,  Figs.  3,  4,  5  and  6.)  Other  layers,  decreasing  in  size 
through  one  and  one-half  inches,  three-quarters  of  an  inch,  three- 
eighths  of  an  inch  and  three-sixteenths  of  an  inch,  are  applied  in  the 
form  shown  by  the  sections  and  plans,  and  the  latter  being  spread 
out  to  a  width  of  seventeen  feet  is  covered  by  one  inch  of  coarse 
mortar  sand  which  spreads  to  a  width  of  twenty  feet.  Upon  this 
rests  the  filtering  sand  from  four  to  five  feet  deep. 

The  valley  in  the  excavation  is  deepened  in  the  part  occupied  by 
the  pipe  so  that  the  pipe  has  a  slope  of  one  foot  in  one  hundred  feet. 
The  pipe  was  applied  as  far  from  the  filter-gallery,  or  conduit  in  ex- 
tension of  the  gallery,  as  it  and  the  stones  surrounding  it  cost  less 
than  the  much  larger  area  of  stones  required  to  give  the  desired  free- 
dom of  flow.  Beyond  this  the  large  stones  were  spread  out  to  the 
widths  and  with  the  depths  required  to  give  the  desired  flow. 

To  determine  how  much  head  would  be  used  in  flowing  through 
layers  of  sand  and  layers  of  stones  of  different  sizes  experiments 
were  made  under  my  direction  by  Mr.  Allen  Hazen,  the  chemist  in 
charge  of  the  Experiment  Station  of  the  State  Board  of  Health.  As 
is  well  known,  the  head  required  to  convey  water  through  ordinary 
pipes  varies  with  the  square  of  the  velocity,  but  with  extremely 
small  pipes  and  through  the  interstices  of  fine  sand  the  head  required 
to  convey  water  varies  with  the  velocity  and  with  the  temperature, 
more  head  being  required  with  colder  water.  Through  coarse  sand 
and  through  gravel  stones  the  head  varies  with  powers  of  the  veloc- 
ity between  the  first  and  second  powers,  increasing  with  the  size  of 
the  grains  or  of  the  stones.  For  sands,  ten  per  cent,  of  whose  grains 
are  as  small  as  two  millimeters  or  eight-hundredths  of  an  inch  in 
diameter,  the  quantities  of  water  that  would  pass  through  an  acre  in 
area  with  different  depths  and  sizes  of  grains  were  determined  by  the 
following  formula  deduced  from  experiments  which  had  been  made 
up  to  the  time  of  constructing  this  filter :  Q=^*''*  in  which  Q  ex- 
presses the  quantity  of  water  in  million  gallons  per  acre  per  day,  h 
the  acting  head  in  feet,  I  the  distance  flowing  through  the  sand  in 
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feet,  and  d  the  maximum  diameter  in  millimeters  of  the  finer  ten  per 
cent,  of  the  sand  grains. 

This  formula  expresses  quite  satisfactorily  the  quantity  of  water 
that  will  pass  through  clean  sand  from  which  air  has  been  pushed 
out  when  the  temperature  is  about  50^  Fah.,  and  is  convenient  to 
use  in  comparing  sands  of  different  sizes ;  but  Mr.  Hazen  found  that 
the  resistance  was  nearly  twice  as  great  when  the  temperature  was 
near  the  freezing  point  as  when  at  summer  heat,  and  he  afterward 
determined  an  expression  from  the  experiments,  giving  the  velocity 
of  flow  through  sands  at  any  temperature,  which  may  be  found  on 
page  553  of  the  Report  of  the  State  Board  of  Health  for  1892. 

The  sand  used  in  the  Lawrence  filter  which  was  placed  directly 
over  the  underdrains  and  five  feet  on  either  side  had  the  coarser 
grains  of  the  finer  ten  per  cent,  twenty-five  hundredths  of  a  milli- 
meter in  diameter,  and  by  the  above  formula  when  the  head  used  is 
equal  to  the  distance  which  the  water  passes  through  the  sand  the 
quantity  of  water  that  could  pass  through  an  acre  in  twenty-four 
hours  would  be  fifty  million  gallons.  If  two  million  gallons  were 
applied  to  an  acre  in  sixteen  hours,  or  the  equivalent  of  three  mil- 
lion gallons  in  twenty-four  hours,  and  this  were  crowded  into  one- 
half  its  area  near  the  bottom  of  the  sand,  by  the  lateral  pressure  of 
the  water  coming,  towards  the  underdrains  through  the  ten  feet  of 
coarser  sand  on  each  side,  the  resistance  would  be  like  that  of  four 
and  a  half  million  gallons  traversing  six  feet  in  depth  of  sand,  for 
which  the  head  required  would  be  fifty-four  hundredths  of  a  foot. 

As  the  circumstances  here  allowed  of  a  loss  of  head  through  the 
sand  of  one  foot,  the  remaining  head,  from  fifty-four  hundredths  to 
one  foot,  was  the  amount  allowed  for  increased  obstruction  tbrousfh 
the  sand  due  to  air  and  to  lower  temperature. 

By  a  similar  process  of  computation  the  coarser  sand  occupying 
the  remaining  twenty  feet  of  the  thii-ty  feet  between  underdrains 
was  found  to  be  able  to  convey  its  proportion  of  the  water  to  the 
underdrains  with  a  like  loss  of  head ;  hence  the  arrangement  pre- 
sented by  these  sections  enabled  all  parts  of  the  area  of  the  filter  to 
transmit  nearly  their  proper  quantity  of  water. 

With  this  loss  of  head  through  the  sand  when  clean,  there  would 
be  a  noticeable  increase  in  loss  by  a  slight  deposit  of  sediment  upon 
the  surface,  and  depending  upon  this  narrow  margin  it  was  deemed 
practicable  to  construct  and  use  for  a  term  of  years  a  single  bed 
which  was  to  be  cleaned  regularly  each  month,  a  portioD  being 
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cleaned  every  day  during  the  interval  when  the  bed  is  resting ;  and 
this  portion  when  cleaned  is  not  capable  of  conveying  so  large  a 
quantity  of  water  that  it  cannot  be  properly  purified  in  its  passage, 
unless  there  be  an  extreme  drawing  down  of  the  head  which  would 
require  very  close  watching  at  the  pumps. 

When  it  becomes  impracticable  to  properly  purify  the  full  amount 
of  the  city's  supply  by  the  present  bed  it  is  designed  to  construct 
another  bed  extending  up  the  river  from  the  intake,  to  be  supplied 
by  the  second  two-foot  valve  mentioned  as  built  into  the  side  of  the 
chimney  rising  from  the  old  intake. 

We  have  followed  the  water  through  the  sand  and  considered  the 
head  lost  in  its  passage.  There  is  still  some  head  to  be  used  in 
passing  through  the  layers  of  stone  and  the  underdraining  pipes. 

In  considering  the  loss  of  head  through  fine  sand  and  through 
coarser  material  to  very  large  gravel  stones,  we  find  the  loss  increas- 
ing with  the  first  power  of  the  velocity,  and  with  powers  increasing 
with  the  coarseness  from  the  first  to  the  second  power  of  the  velocity  ; 
hence  the  most  convenient  method  of  presenting  what  our  experi- 
ments have  shown  is  in  the  form  of  a  table  which  was  used  in  distrib- 
uting the  remaining  allowable  loss  of  head  of  about  half  a  foot  in 
addition  to  the  one  foot  through  the  sand,  so  that  it  should  still  serve 
to  make  the  passage  of  water  nearly  uniform  from  all  portions  of  the 
surface  of  the  bed. 

This  table,  though  capable  of  improvement  by  additional  data,  led 
to  conclusions  which  proved  satisfactory  in  this  case. 


Quantity  of  Water  Flowing  through  Oravel  Stones  at  Different  Heads, 

[QuADtity  flowiDg  in  1»000,000  gallons  per  acre  dally.] 


Loss  OF  Hbad  n 
TsBMS  or  Dis- 
tahck  thbodoh 
Ubavbl. 


O.0005 

o.ooi 

O.002 
O.004 

o.oi 

0.02 


8lZB  OF  GBAVKL  STOMBB  IN  BflLLIMKTRRS  AND  IMOHKS,  TIIK  FlMBST  10  PlK  CXNT. 

FINKR  THAN  — 


3  Mm. 

6  Mm. 

8  Mm. 

10  Mm. 

20  Mm. 

80  Mm. 

40  Mm. 

O.U  In. 

0.30  In. 

04»  In. 

0.39  In. 

0.79  In. 

1.2  In. 

1.6  In. 

4 

7 

15 

29 

72 

136 

800 

680 


12 

23 

43 

83 

185 

820 

600 

1,000 


22 

43 

84 

160 

820 

500 

950 

1,400 


35 

65 

120 

280 

420 

630 

1.140 

1,650 


90 

160 

800 

520 

800 

1,280 

2,030 

2,850 


170 

300 

490 

790 

1,280 

1,800 

2,862 

4.044 


280 
480 
720 
1,070 
1,670 
2,840 
3,734 
6,280 


60  Mm. 
2.0  In. 

410 
690 
1,040 
1,360 
2,150 
3,030 
4,800 
6,800 
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By  the  aid  of  this  table  the  underdrains,  formed  of  layers  of  stones 
of  different  sizes,  were  proportioned  as  shown  in  the  accompanying 
plan  and  sections.  The  larger  stones  were  selected  by  hand,  and  if 
soiled  were  washed.  The  smaller  sizes  were  selected  by  screening, 
and  in  this  way  all  sand  was  removed.  The  stones  of  the  two  larger 
sizes  were  carefully  placed  at  the  open  joints  of  the  pipes  to  allow 
water  to  enter  as  freely  as  possible ;  the  other  layers  were  shovelled 
to  place. 

In  extension  of  the  old  filter-gjillery,  to  serve  to  conduct  the  water 
from  the  down-river  underdrains  to  the  gallery,  a  conduit  was  built 
with  walla  four  inches  thick  of  brick  laid  in  Portland  cement  mortar, 
with  the  mortar  left  out  of  the  end  joints,  which  were  a  little  more 
than  an  eighth  of  an  inch  wide.  This  conduit  was  two  feet  in 
diameter  for  a  length  of  105  feet,  then  20  inches  in  diameter  for  a 
length  of  120  feet,  then  10  inches  in  diameter  for  a  length  of  65 
feet,  then  12  inches  in  diameter  for  a  length  of  30  feet,  beyond 
which  were  ten-inch,  eight-inch  and  six-inch  glazed  pipes,  in  lengths 
of  30  feet,  laid  as  in  the  underdrains.  This  conduit  was  surrounded 
by  the  large  stones  2  inches  in  diameter  for  a  thickness  of  4  inches, 
with  layers  of  decreasing  sizes  around  this,  making  a  total  thickness 
of  about  8  inches. 

Great  care  was  taken  to  deposit  the  filtering  sand  so  that  the  mass 
should  bo  as  homogeneous  as  possible.  It  was  deposited  in  two 
layers.  The  first  layer  was  covered  with  planks  as  fast  as  laid,  upon 
which  the  loads  were  hauled,  and  these  were  dumped  upon  the  planks 
near  the  edge,  so  that  a  part  of  the  load  ran  over  the  bank  and  the 
other  part  was  shovelled  over.  If  the  edge  of  the  bank  remained 
exposed  to  the  wind  and  sun  the  coarser  material  would  appear  on 
the  surface  and  run  down.  Such  an  edge  was  shovelled  over  before 
an  addition  was  made. 

The  second  layer  was  dumped  upon  the  planks  resting  upon  the 
lower  layer  and  shovelled  up  to  grade,  and  upon  taking  up  the  planks 
the  lower  layer  was  shovelled  over  to  the  depth  of  one  foot  and  a 
half  to  remove  the  packing  of  the  sand  which  was  evident  under  the 
planks,  sometimes  to  a  depth  of  one  foot. 

It  will  be  evident  that  watchful  care  was  necessary  in  laying  the 
underdraining  stones  to  see  that  no  bar  of  finer  material  crossed  it  in 
any  direction.  In  fact,  the  success  of  the  filter  depended  lai^gely 
upon  careful  and  conscientious  superintendence  of  the  oonstroction 
of  the  underdrains  and  the  bed.    This  was  aooompliahed  by  Mr. 
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Charles  C.  Campbell,  who  had  an  intelligeDt  appreciation  of  the 
essentials  to  success  and  most  scrupulous  care  that  the  work  should 
be  done  as  directed. 

Sand  for  the  filter  wu.s  obtained  from  a  bank  about  seven-eighths 
of  a  mile  away,  where  layers  and  pockets  were  found  containing  all 
kinds,  from  the  very  fine,  almost  impervious,  sands  to  large  gravel 
stones,  and  much  unsuitable  material  had  to  be  removed  in  selecting 
layers  from  which  suitable  sand  could  be  obtained.  By  judicious 
selection,  screening  and  mixing  the  two  kinds  of  sand  were  obtained 
and  wheeled  to  piles  for  loading.  These  piles  were  frequently  tested 
by  half  filling  with  sand  a  cylinder  six  inches  high  and  three  inches 
in  diameter,  having  a  wire  bottom.  The  sand  was  packed  slightly 
and  covered  with  a  wire  screen  and  the  cylinder  filled  with  water, 
and  the  time  observed  that  it  took  the  water  to  pass  below  the  sur- 
face of  the  sand.  Time  limits  for  the  two  grades  were  determined 
at  the  laboratory,  making  correction  for  the  temperature  of  the  water, 
and  the  accuracy  of  these  tests  at  the  bank  was  determined  by  occa- 
sionally taking  duplicate  samples  to  the  labomtory  and  making  reg- 
ular mechanical  analyses  by  means  of  sieves. 

The  filter  was  completed,  at  a  cost  of  about  $65,000,  in  the  forenoon 
of  Sept.  20,  1893,  just  about  one  year  from  the  time  of  commencing, 
although  there  were  four  or  five  months  when  work  was  suspended ; 
and  in  the  afternoon  of  September  20  the  inlet  gate  was  opened  and 
the  water  filled  the  open  conduit  along  the  base  of  the  embankment, 
ran  into  the  carriers,  and  gradually  flowed  over  the  one  and  one-third 
miles  of  level  edge  and  entered  the  sand,  disappearing  in  a  short  dis- 
tance at  first,  but  gradually  as  the  sand  was  filled  extending  further 
from  the  carriers  and  filling  the  bottom  of  the  twenty-six  valleys,  and 
then  rising  slowly  up  their  sides  and  covering  the  ridges,  forming  a 
shallow  pond  of  two  and  a  half  acres.  Then  the  pumps  were  started, 
and  when  running  at  the  rate  of  five  million  gallons  in  twenty-four 
hours  We  found  that  the  difference  in  level  between  the  water  over 
the  filter  and  in  the  pump-well  was  seventeen  inches. 

The  water  first  coming  through  the  filter  contained  an  extremely 
fine  dust  in  suspension,  probably  washed  from  the  surfaces  of  the 
stones  and  underdrains.  In  the  first  ten  days  the  chemical  changes 
in  the  water  were  as  follows  :  the  albuminoid  ammonia  was  reduced 
from  0.0168  to  0.0108  in  parts  per  100,000.  The  free  ammonia  was 
reduced  from  0.0113  to  0.0072,  and  the  nitrates  were  increased  from 
0.0120  to  0.0200  part.    The  color  was  reduced  from  0.36  to  0.28  on 
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the  scale  for  color.  Since  that  time  the  average  chaoge  has  been  in 
albuminoid  ammonia  from  0.0187  to  0.0104;  free  ammonia  from 
0.0067  to  0.0087,  and  the  nitrates  from  0.0140  to  0.0390  part,  and 
the  color  reduced  from  0.42  to  0.35.  The  hardness  of  the  water 
has  increased  from  1.3  to  2.9.*  This  change  is  probably  partly  tem- 
porary, due  to  absorption  of  lime  from  the  conduit  and  carriers,  but 
it  is  partly  due  to  ground  water,  as  it  was  the  greatest  when,  in  the 
latter  part  of  February  and  early  part  of  March,  there  was  the 
greatest  loss  of  head  through  the  filter  and  consequently  the  greatest 
draft  from  the  ground.  At  the  same  time  there  was  an  increase  in 
the  free  ammonia  of  the  filtered  water,  evidently  due  to  the  same 
cause ;  but  this  cause  was  an  exceptional  condition  due  to  the  sur- 
face of  the  bed  not  having  been  cleaned  for  three  months,  which  will 
probably  not  occur  again. 

While  the  improvement  of  the  water  by  the  removal  of  the  sus- 
pended matter  and  the  burning  up  of  the  organic  matter  that  was 
readily  oxidizable  was  very  satisfactory,  the  most  important  change 
and  the  real  object  of  the  construction  of  the  filter  was  the  removal 
of  bacteria,  and  especially  of  those  kinds  of  bacteria  that  are  danger- 
ous to  health,  known  as  disease  germs. 

The  removal  of  bacteria  is  not  merely  a  straining  process ;  it  it* 
accomplished  by  making  conditions  unfavorable  to  the  life  of  bac- 
teria in  the  passage  through  the  filter,  which  conditions  grow  with 
the  proper  use  of  the  filter.  In  the  first  three  days  75  i>cr  cent,  of 
the  number  of  bacteria  applied  came  through  the  filter.  In  the  next 
three  days  30  per  cent,  came  through,  but  in  the  first  week  in 
October  only  4  per  cent,  came  through,  and  in  the  next  week  2  i>er 
cent. ;  that  is,  during  the  first  three  weeks*  use  the  number  of  l)ac- 
teria  in  the  etiluent  rapidly  decreased  to  2  per  cent,  of  the  num!)cr 
applied,  and  from  that  time  to  the  present,!  excepting  on  two  occa- 
sions when  work  on  the  filter  or  in  the  pump-well  interfered  with 
the  results,  the  etiluent  from  the  filter  has  contained  1.7  i>cr  cent, 
of  the  number  of  bacteria  contained  in  the  river  water,  the  filter 
having  removed  98.3  per  cent,  of  all  of  the  Imcteria  in  the  water 
applied  to  it.* 

But  the  result  given  to  the  people  is  l)etter  than  this.     It  appears 
that  with  the  removal  of  those  parts  of  the  organic  matter  that  arc 


*  For  n^sults  in  detail  of  oxainiuations  of  water  from  the  LawrenoD  water  works  before  aad 
after  tiltratioti  see  paged  030-541,  also  181-186. 
t  Juuv  1,  ISM. 
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easily  oxidized  the  food  material  of  the  bacteria  haa  beea  removed, 
and  as  the  water  flows  od  through  the  reservoir  and  through  the 
pipes  the  conditions  of  life  are  still  unfavoraMe  for  the  bacteria,  aud 
they  go  on  decreasing,  so  that  the  numbers  found  at  the  outlet  of 
the  reservoir  are  but  one  and  two-tenths  per  cent,  of  the  numbers 
ID  the  river  water ;  and  at  the  tap  in  the  city  hnll  the  numbers  of 
bacteria  found  are  but  nine-tenths  of  one  per  cent,  of  the  numbers 
in  the  river  water.  More  than  ninety-nine  per  cant,  of  all  of  the 
bacteria  of  the  river  water  have  been  removed. 

The  experiments  of  the  State  Board  of  Health  go  to  show  that 
with  this  result  we  can  rely  upon  the  complete  extinction  of  all  of 
the  disease  producing  germs  that  may  have  been  in  the  water. 

We  have  seen  the  effect  of  the  fitter  upon  the  bacteria  of  the  water 
applied  to  it ;  we  will  now  seek  the  effect  of  the  filter  upon  the  inhab- 
itants of  Lawrence.  It  has  been  stated  that  the  deaths  from  typhoid 
fever  in  Lawrence  were  about  three  times  those  of  other  cities  in  the 
State.  Its  relation  to  other  cities  from  a  broader  field  is  shown  by 
the  following  diagram,  in  which  are  given  the  percentage  of  mortality 
from  typhoid  fever  to  the  total  mortality  in  London,  New  York,  Bos- 
ton, Philadelphia,  Chicago  and  Lawrence. 


Diagram  ahoiinng  Percentage  of  Typhoid  Fever  MortaiUy  to  Total  Morlalitt/  in 
London,  New  York,  Boston,  Philadelphia,  Chicago  and  Lawrence  from  1870 
to  1H93. 
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That  tho  typhoid  fever  that  has  in  the  poet  affected  Ijawreace  so 
Beriously  hus  comu  dowD  the  rivor  yeur  after  year  may  be  cootirmed 
by  tbo  fulluwing  diagram  eoDtainlDg  three  bnikon  Udos.     The  heaviecit 


Dutijritm  showing  Dtat/m  jier  100,000  InhabitaiUs  in  Boston,  Lowell  and  Lawrxna 
from  Juite,  1889,  to  May,  1804. 
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line  indieutes  tbo  Dumber  of  deaths  from  typhoid  fever  in  100,001 

inbabilauts  id  the  city  of  Bostun  in  ouch  month  id  the  passt  live  yeani 
This  line  ropreHODtx  approximately  tiie  number  of  deaths  from  thi^= 
disease  io  100,000  inhabitants  io  the  cities  of  the  State  and  the  moulh^^ 
in  wliich  tboy  occur.     It  will  be  seou  that  the  months  of  greatest  prev  — 
ulcnco  arc  September  and  October  of  each  year.     A  vertical  Hue  ha=^ 
l>oeti  drawn  ut  uucli  Udio  of  prevalence  in  each  year  at  BoatoD,  aoiJ 
this  is  nearly  the  time  of  its  prevalence  in  our  cities  generally. 

We  see  tbut  in  these  months  the  disease  prevailed  to  as  great  ao 
extent  in  Lowell  aDd  Lawrence,  but  that  followiDg  this  iieriotl  io      I 
about  two  moDths  it  prevails  ut  Lowell  to  a  much  greater  extent,  anil     J 
one  or  two  mouths  later  it  prevails  to  a  still  greater  extent  in  Law-     I 
rcnce.     This  is  theciisu  yoar  after  year  until  during  the  paat  winter.     1 
when  in  February  and  Mai-ch  there  was  an  increase  in  Lawrence  fol- 
lowing that  at  Lowell,  but  iustcudof  lioing  in  greater  oumbera,  is  to 
former  years,  it  was  to  only  about  half  as  many  per  100,000,  aod  the 
cause  of  this  increase  will  now  be  considered. 

In  the  following  diagram  the  average  namber  of  deaths  fton 
typhoid  fever  at  Jjawrenre  for  each  month  from  October  to  Hay,  in 
the  preceding  five  years,  are  given  by  Uie  heavy  dotted  UDa;  and 
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the  number  during  the  past  eight  months  are  given  by  the  heavy 
full  line. 

Typhoid  Fever  in  Latvrence, 


The  total  number  for  the  eight  months  in  past  years  has  been 
forty-three,  and  in  the  present  year  seventeen,  making  a  saving  of 
twenty-six.  Of  the  seventeen  who  died  nine  were  operatives  in  the 
mills,  each  of  whom  was  known  to  have  drunk  unfiltered  canal 
water,  which  is  used  in  the  factories  at  the  sinks  for  washing* 

The  finer  full  line  shows  the  number  of  those  who  died  month 
after  month  who  are  not  known  to  have  used  the  poisoned  canal 
water.     The  whole  number  in  the  eight  months  is  eight. 

It  is  evident  from  the  previous  diagram  that  the  numbers  above 
the  fine  full  line,  here,  follow  after  those  at  Lowell  in  the  usual  time, 
and  were  undoubtedly  caused  by  the  sickness  at  Lowell ;  but  we 
have  satisfactory  reason  to  conclude  that  the  disease  was  not  propa- 
gated through  the  filter  but  that  the  germs  were  conveyed  directly 
into  the  canals  and  to  those  who  drank  of  the  unfiltered  canal  water. 
Among  the  operatives  of  one  of  the  large  corporations  not  using  the 
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canal  water  there  was  not  a  case  of  typhoid  fever  during  this  period. 
Warnings  have  been  placed  in  the  mills  where  canal  water  is  used 
to  prevent  the  operatives  from  drinking  it. 

We  find,  then,  that  the  mortality  from  typhoid  fever  has,  during 
the  use  of  the  filter,  been  reduced  to  40  per  cent,  of  the  former  mor- 
tality, and  that  the  cases  forming  nearly  one-half  of  this  40  percent, 
were  undoubtedly  due  to  the  continued  use  of  unfiltered  river  water 
drawn  from  the  canals. 

The  efiect  of  the  filter  in  preventing  the  communication  of  diarrhoea! 
and  other  diseases  carried  by  water  can  be  given  after  the  season  of 
the  year  when  these  diseases  prevail.  We  can  say  further  at  present 
that  the  physicians  have  very  generally  reported  a  marked  improve- 
ment in  the  health  of  the  people  since  the  filter  came  into  use. 

The  study  of  this  problem  and  its  solution  have  established  with 
more  of  certainty  than  ever  before  three  important  points  in  sanitary 
science :  — 

1.  The  insufficiency  of  the  self-purification  of  streams. 

2.  The  ready  conveyance  of  typhoid  fever  down  a  stream  by 
sewage-polluted  drinking  water. 

3.  The  practicability  of  protecting  a  community  against  an  in- 
fected drinking  water  supply  by  natural  sand  filtration. 
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SEWAGE  PUEIFICATION  OF  CITIES  AND  TOWNS  IN 

MASSACHUSETTS. 


The  last  annual  report  (1892)  contained  a  paper  upon  the  *'  Sew- 
age Disposal  of  Cities  and  Towns  in  Massachusetts  by  Intermittent 
Filtration,"  which  was  accompanied  by  chemical  analyses  of  the  sew- 
age and  effluent  from  the  works  of  the  three  places  described,  viz. : 
Framingham,  Marlborough  and  Gardner.    Owing  to  the  time  required 
for  the  publication  of  that  report  it  was  feasible  to  include  in  it 
analyses  made  up  to  the  end  of  July,  1893.     In  the  present  paper 
results  from  sewage  disposal  works  at  several  additional  places  are 
given,  and  analyses  of  sewage  and  effluent  from  the  three  places 
mentioned  above  are  included  only  from  the  first  of  August  to  the 
end  of  the  year.     A  short  description  of  each  of  the  systems  exam- 
ined is  given  in  the  following  pages,  and  to  assist  the  reader  in 
understanding  the  conditions  at  the  various  places  some  of  the  state- 
ments made  last  year  are  repeated. 

The  first  plant  for  the  disposal  of  town  sewage  by  intermittent 
filtration  in  Massachusetts  was  constructed  at  Lenox  in  1876.  A 
system  for  the  disposal  of  the  sewage  of  a  portion  of  the  town  of 
Amherst,  partly  by  filtration  but  chiefly  by  irrigation,  was  con- 
structed about  1881,  and  a  small  system  for  the  disposal  of  sewage 
by  intermittent  filtration  was  introduced  at  Medfieid  in  1886.  Since 
the  last  date  the  towns  of  Framingham  and  Gardner  and  the  city  of 
Marlborough  have  constructed  and  are  now  operating  works  for 
the  disposal  of  sewage  by  intermittent  filtration,  and  a  new  disposal 
field  has  been  constructed  and  is  in  use  at  Lenox.  The  city  of 
Brockton  (population  in  1890,  27,294,)  is  at  present  constructing 
works  of  this  kind,  which  will  be  operated  in  1894.  There  are, 
also,  several  large  institutions  which  dispose  of  their  sewage  by  inter- 
mittent filtration.  The  sewage  of  the  city  of  Worcester  is  treated 
by  chemical  precipitation,  as  described  on  page  341  of  this  report. 

[ses] 
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In  order  to  learn  the  results  obtained  by  the  systems  of  sewage 
disposal  in  the  various  places,  the  State  Board  of  Health  has  caused 
many  analyses  of  the  sewage  and  effluent  from  the  filter-beds  at 
Framingham,  Gardner  and  Marlborough  to  be  made,  and  has  also  made 
one  or  more  chemical  examinations  of  the  sewage  and  effluent  from 
the  sewage  disposal  works  at  Amherst,  Lenox,  Medfield,  Westbor- 
ough  and  Wellesley  College.  The  results  of  these  analyses  are  given 
in  connection  with  a  description  of  the  works  in  the  pages  which  fol- 
low. Analyses  made  by  the  chemists  at  Worcester,  showing  the 
results  obtained  at  the  chemical  precipitation  works  there,  have 
already  been  given  on  page  345. 

Sewage  Disposal  at  Amherst. 

The  population  of  the  town  in  1890  was  4,512.  Sewerage  facilities 
have  been  provided  only  for  portions  of  the  main  village,  and  the 
sewage  is  disposed  of  by  two  systems. 

The  first  system,  begun  in  1881  and  subsequently  extended,  col- 
lects the  sewage  from  about  1,000  inhabitants.  The  sewage  flows  to 
a  settling  tank  about  a  mile  south-east  of  the  village  and  thence 
through  a  pipe  520  feet  long  into  Fort  River. 

By  the  second  system,  since  1886,  the  sewage  of  a  portion  of  the 
thickly  populated  part  of  the  town  north  of  the  town  hall  has  been 
applied,  after  settling  in  a  tank,  to  a  field  having  an  area  of  about 
three  acres  and  a  slight  slope,  located  about  half  a  mile  north  of  the 
village.  If  is  said  that  there  are  about  300  people  connected  with  this 
system,  and  storm-water  is  excluded  from  the  sewers.  The  sewage 
is  conducted  by  a  ten-inch  pipe  to  a  settling  tank  located  on  the 
upper  side  of  the  disposal  field.  The  tank  is  about  4  feet  deep 
and  holds  about  500  gallons.  The  outlet  pipe  is  arranged  to  avoid 
drawing  the  scum  from  the  surface  of  the  tank,  and  discharges  into 
a  long  ditch  running  along  the  upper  side  of  the  field,  from  which 
the  sewage  is  discharged  through  openings  in  its  sides.  The  place 
of  discharge  is  changed  from  time  to  time  by  blocking  up  the  exist- 
ing opening  and  making  a  new  one.  The  sludge  from  the  settling 
tank  is  removed  at  intervals  and  composted.  Analyses  of  the  sew- 
age before  and  after  settling  in  the  tank  are  given  below.  There 
is  no  opportunity  to  obtain  a  sample  of  the  effluent  from  thb  field, 
as  the  sewage  sinks  into  the  ground  and  doea  not  reippear  in  aoch 
a  way  that  a  sample  can  be  collected. 
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Sewage  Disposal  at  the  Norfolk  County  Jail,  Dedhah. 

Chemical  Examination  of  Wattrfrmn  tlie  Brook  tt-hiekjlowtfrom  Fisher's  let  Fond 
above  and  below  Ike  Sewage  Disposal  Area  of  Ike  Korfolk  Counti/  Jail. 

[Pkrta  p«r  100,000.] 
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Sewaqe  Disposal  at  Frahinohah. 

The  town  of  Framingham  (populRtioo  id  1890,  9,239,)  containB 
three  villages,  of  which  South  Framingham  ib  hj  far  the  moat 
populous,  and  up  to  the  present  time  is  the  only  village  sewered. 

The  sewerage  system  was  put  in  operation  near  the  end  of  the 
year  1880,  and  at  the  end  of  the  year  1893,  610  dwelling-houses 
and  41  business  blocks,  stores,  factories,  etc.,  were  oonaected  with 
the  sewers.  In  addition  to  this  the  sewage  of  the  women's  prison 
(population  about  3^0),  located  in  the  town  of  Sherboro,  just  be- 
yond the  Framingham  line,  is  taken  care  of  by  thia  system. 

Storm-water  is  excluded  from  the  sewers,  and  a  contioaons  system 
of  underdrains  was  laid  l>eneath  the  principal  sewers  to  collect  and 
carry  off  the  ground  water.  The  amount  of  sewage  flowing  daring 
a  season  of  high  rainfall,  however,  ia  fully  three  times  the  ordinsij 
flow.  The  main  underdrain  discharges  by  gravity  into  a  brook,  and 
the  character  of  the  water  discharged  by  it  can  be  seen  hj  i 
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to  a  table  of  analyses  on  page  153  of  this  volume.*  The  average 
amount  of  sewage  pumped  and  purified  in  1893  was  218,000  gallons 
per  day. 

The  sewage,  after  collection  in  a  pair  of  receiving  reservoirs  hav- 
ing a  total  capacity  of  431,000  gallons,  is  pumped  during  the  day- 
time to  the  filtration  area,  which  is  located  about  two  and  one-half 
miles  north-east  of  the  village  of  South  Framingham.  This  area,  a 
more  detailed  description  of  which,  accompanied  by  a  plan,  may  be 
found  in  the  annual  report  of  the  Board  for  1892,  page  560,  covers 
about  seventy  acres,  much  of  which  is  quite  level  and  at  an  eleva- 
tion of  about  20  feet  above  Bannister  Brook.  An  area  of  about 
twelve  acres  has  been  specially  prepared  for  filtration  by  dividing  it 
into  ten  beds  of  convenient  size,  removing  most  of  the  loam,  which 
was  used  in  the  construction  of  embankments  between  the  beds,  and 
by  levelling  the  surface.  Six  of  the  beds  are  underdrained  to  a 
limited  extent. 

In  1893  about  nine  acres  of  the  prepared  beds  were  planted  with 
field  corn  (maize),  and  the  remainder  with  squashes,  beans,  pota- 
toes and  cabbages.  The  crops  were  very  satisfactory,  especially  the 
field  corn,  and  received  only  ordinary  attention.  The  preparation 
of  additional  filter-beds  is  under  way  in  order  to  increase  the  area 
to  be  devoted  to  farming  purposes.  The  present  area,  however,  is 
amply  sufficient  for  the  disposal  of  the  sewage. 

A  reasonable  objection  has  often  been  made  to  the  cultivation  of 
crops  in  connection  with  intermittent  filtration,  where  the  area  is 
small,  owing  to  the  danger  that,  in  order  to  avoid  injuring  the  crops, 
the  flow  of  sewage  at  certain  seasons  of  the  year  will  either  be  con- 
centrated on  a  small  portion  of  the  area  or  allowed  to  escape  unpuri- 
fied.  In  the  case  of  Framingham,  however,  the  cultivation  of  crops 
has  had  a  favorable  efiect  upon  the  purification  of  the  sewage  by  in- 
ducing the  preparation  of  additional  filter-beds,  by  loosening  the 
soil  by  ploughing  and  other  disturbances  of  the  surface  incident  to 
cultivation,  and  by  the  removal  by  the  crops  of  matters  brought  to 
the  beds  in  the  sewage. 

The  surfaces  of  nine  of  the  filter-beds  were  left  during  the  winter  of 
1893-94  in  hills  and  furrows,  and  without  disturbance,  after  the  crops 

*  Analysei  of  water  flrom  this  onderdrain  are  also  given  in  the  annaal  reports  of  the  Board 
for  1890, 1891  and  1892,  pages  149,  131  and  126,  respectively.  The  first  sample  analyzed  was 
eoltected  before  any  sewage  had  been  admitted  to  the  sewers,  and  the  character  of  the  water  has 
not  changed  materially  since  sewage  was  admitted. 
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had  been  removed  from  tbem.  The  remaining  bed  was  ploughed  and 
wide  furrows  made,  about  6  feet  apart,  at  right  angles  to  the  carriers 
along  the  side  of  the  bed  from  which  the  sewage  is  applied.  It  was 
found  that  this  bed  gave  the  most  satisfactory  results,  particularly 
when  there  was  much  snow  on  the  ground.  It  is  also  to  be  noted 
that  the  beds  where  the  surface  is  left  in  hills  and  furrows  are  much 
more  efficient  in  winter  than  beds  with  level  surfaces. 

The  quality  of  the  sewage  and  of  the  effluent  from  several  different 
places  may  be  seen  by  the  tables  of  analyses  on  the  following  pages. 
The  sewage  is  ordinary  town  sewage,  discolored  and  somewhat  modi- 
fied in  character  at  times  by  a  considerable  amount  of  spent  dyes 
discharged  into  the  sewers  from  the  straw  goods  factories  in  the 
town. 

With  regard  to  the  purification  effected  at  Framingham  it  may  be 
said  that  the  conditions  for  filtration  are  very  favorable,  owing  to  the 
large  area  of  land  in  use  in  proportion  to  the  amount  of  sewage 
treated,  the  porosity  of  the  material,  which  has  an  effective  size  of 
0.32  to  0.42  millimeter,  and  the  depth  to  ground  water.  Another 
favorable  condition  is  the  high  temperature  of  the  sewage  in  winter 
(48**  to  50**  F.)  due  chiefly  to  the  fact  that  the  water  supply  of  the 
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*  This  average  is  for  the  whole  year  1808,  and  ineladM  tlM  rafalli  of 
•arliar  part  of  the  year  and  printed  in  the  preeedlng  aaaoAl  rtport. 
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town  is  taken  from  the  ground  and  has  a  winter  temperature  of  about 
49°. 

Only  a  small  portion  of  the  effluent  is  collected  by  the  underdrains 
beneath  the  beds,  and  of  this  quantity  all  or  nearly  all  again  enters 
the  ground  and  receives  a  second  filtration  before  it  reaches  the 
brook,  while  most  of  the  effluent  passes  for  a  long  distance  through 
the  ground  and  appears  in  the  form  of  springs  at  the  edge  of  the  low 
land  near  the  brook.  The  existence  of  lateral  filtration  to  such  a 
marked  degree  is  believed  to  be  a  very  important  feature  of  the 
Framingham  filter-beds. 

The  average  degree  of  purification  of  the  applied  sewage  in  1893, 
as  indicated  by  the  albuminoid  ammonia  in  the  analyses,  is  as  fol- 
lows :  — 


Per  Cent,  of 

Organic  Matter 

BemoTed 

(Albamlnold 

Ammonia). 


Effluent  at  eaat  nnderdrain, 
'*  at  weat  nnderdrain, 
**      at  spring, 


07.9 
98.0 
99.6 


Sewage  from  Framingham. 


[ParU  per  100,000.] 


Amxoiiia. 

ALBUMnroxo. 

m 

IS 

1 

► 

gj 

Free. 

i 

1 

OB 

2.0000 
1.0000 
2.7200 
2.8800 
1.6000 
2.M00 
1.9640 
4.0000 
S.0600 


2.0283 


3400 

.1640 

3700 

.1840 

2000 

.1140 

3280 

.2140 

2020 

.1900 

4880 

.2240 

8940 

.3100 

5840 

.3900 

3440 

.2700 

4006 

.2162 

.1760 
.1860 
.0860 
.1140 
.0720 
.2140 
.0840 
.1040 
.0740 


.1854 


1 

2 


4.86 
6.20 
5.40 
6.80  ! 
8.00  ' 

6.76  I 

I 
4.70 

6.80 

5.39 


5.22 


NiTBOOaK  AS 


SQ 


.0000 
.0100 
.0000 

.0050 
.0050 
.0000 
.0050 
.0050 
.0000 


5 


.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0250 


.0135 


.0115 


OxTOBK  CoiiaraBD. 


4.0922 
6.0560 
3.1200 
1.5580 
3.6855 
6.2800 
4.3575 
21.3150 
4.1440 


a 


2.6860 
8.2910 
2.8080 
1.1480 
2.9160 
8.1200 
2.1165 
2.9580 
8.0640 


IBOV. 

1 

a 
D 

• 

.0000 

.0500 

.0650 

.0270 

.0400 

.0400 

.2400 

.1240 

.1160 

.1000 

.1200 

.0520 

.0960 

.0520 

.8800 

.2800 

.0700 

.0560 

.1290 

1 

.0720 

8 

c 


5.1 
5.9 
5.1 
5.1 
5.3 
4.7 
6.1 


5.8 


1 
2 
3 
4 
6 
6 
7 
8 
9 
10 


Oder,  ofleselTe.  •^->  The  i«wage  waa  collected  aa  it  flowed  oot  upon  the  fliter-beds. 
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Chemical  Examination  of  Effluent  from  (he  Eatt 

[Part*  per  100,000.] 


1 

a 
85 

Date  of  Collec- 
tion. 

Appeakamcb. 

Odor. 

i 

* 

c 
« 

a 

1 

1 
1 

i 

2 

1 

1                «• 

^                         s 

1 

2 

10800 
10020 

ISM. 

Aug.  16 

Aug.  80 

Blight. 
Distinct. 

Very  slight. 
Blight,  white. 

0.02 
0.02 

1 

1 
Distinctly 

disagreeable. 
Distinctly  masty. 

Dlstine  ly 

ilisacreeable. 
Very  faint  or  Dooe. 

3 

11007 

Bept.  11 

None. 

Blight. 

0.00 

None.                    ;  None 

4 
6 

11088 
11186 

Bept.  25 
Oct.    12 

Very  slight. 
Distinct,  milky. 

Cons. 
Blight. 

0.00 
0.05 

Distinctly  masty. 
Offensive. 

Very  faintly 

musty. 
Decidedly  musty. 

« 

11285 

Nov.     1 

Distinct,  milky. 

Blight. 

0.06 

Decidedly  musty. 

Decidedly  musty. 

7 
8 
9 

11824 
11416 
11408 

Nov.  10 
Nov.  29 
Dec.  18 

Very  slight. 
Very  slight. 
BUght. 

Blight,  white. 
Very  slight. 
Very  slight. 

0.00 
0.02 
0.00 

Very  faintly 

musty. 

;  Very  faintly 

musty. 

,  None. 

Distinctly  musty. 
Decidedly  musty. 
Very  faint  or  DOM. 

10 

Av.* 

i; 

0.03 

1...  . 

...••..... 

1               

*  The  average  given  here  includes  the  results  of  analyses  made  during  the  earlier  part  of  tlie  yssr 
and  printed  in  the  preceding  annual  report.    No  analyses  were  made  in  January  or  February. 


Chemical  Examination  of  Effluent  from  the  West 

[Parts  per  100,000.] 


Number. 

1 

Dste  of  Collec- 
tion. 

APPKARAMCIt. 

1 

t 
1 

Odob. 

• 

•5 
1 

3 

B 

i 
1 

i: 

.2       1 

a 

1 

1 

i 

X 

1 

10808 

I898.* 

Aug.  15 

;  Very  slight. 

Slight. 

0.03    , 

None. 

Faintly  musty. 

2 
3 

10926 
11008 

Aug.  30 
Sept.  11 

Very  slight. 
Very  slight. 

Very  slight. 
Blight. 

0.02     I 

0.00 

1 

None. 
None. 

Very  faintly 

monldf- 
DieUoct. 

4 
5 

11082 
11185 

Bept.  25 
Oct.    12 

•  None. 
None. 

Considerable, 
yellowish. 
Very  slight. 

0.02 
0.08    I 

Faintly  mnsty. 
None. 

DlstiocUy 

sweetish. 

Faintly  musty. 

6 

11284 

Nov.     1 

None. 

Blight. 

0.02 

1  None. 

1 

DlMlnctly  Bosty. 

7 
8 

11323 
11415 

Nov.  10 
Nov.  29 

Very  slight. 
,  None. 

Blight, 

yellowish. 
Very  slight. 

0.00 
0.00 

Very  faint  or  none. 
None. 

Dietliieay  mnsty. 
DiMiBotly  mnsty. 

9 

11492 

Dec.   13 

None. 

Slight,  earthy. 

0.00 

.None. 

Very  faint  or  acM. 

10 

Av.» 

0.04 

1 

1 

1 

i 

*  This  average  Is  for  the  whole  year  1808,  and  includes  tbe  retnltA  of  ■mlyiii 
part  of  the  year  and  printed  in  the  preceding  annual  rtpmt. 
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Uttderdrain  at  the  Framingham  Filter-beds. 

[PMtf  per  100,000.] 


e 

o 

'          Ammovxa. 

1 

Chlorine. 

NiTBOGKK  A8 

1 

M 

o 

m 

1 
■s 

m 

m 

• 

1 

Rcaldnc  on 
EvaporatI 

1 
1 

1 

• 

« 

1 
B 

< 

« 

• 

s 

1 
35.50 
27.50 
16.70 
19.10 
29.70 
28.40 
29.10 
26.80 
28.80 

.0720 
.0640 
.0280 
.0560 
.1480 
.1820 
.0400 
.0600 
1       .1120 

.0060 
.0040 
.0060 
.0060 
.0270 
.0110 
.0040 
.0040 
.0040 

1 

4.89 
3.80 
2.58 
3.89 
5.45 
5.01 
5.22 
1      3.80 
4.07 

2.4000 
1.5000 
1.3000 
1.0000 
1.2000 
1.0000 
1      1.4000 
1.7000 
1.8000 

.0120 
.0080 
.0070 
.0010 
.0090 
.0090 
.0060 
.0120 
.0050 

.1501 
.1659 
.1716 
.0738 
.3442 
.3080 
.1826 
.1914 
.1504 

6.2 
6.4 
8.9 
8.6 
8.1 
7.1 
6.4 
6.0 
6.0 

.0100 
.0120 
.0400 
.0050 
.0200 
.0120 
.0040 
.0000 
.0200 

1 
2 
8 
4 
6 
6 
7 
8 
9 

24.70 

'       .1786 

1 

.0095 

8.85 

1 

1       1.2202 

1 

.0074 

1 

6.6 

.0114 

10 

The  sample*  were  collected  from  the  underdraln  at  Its  outlet. 


Underdrain  at  the  Framingham  Filler-beds. 

[Parta  per  100,000.] 


on. 

Ammohia. 

• 

« 
c 

1 

NiTIOOIN  AS 

t 

B 

a 
« 
a 

r 

o 

• 

8 

c 

1 

• 
^4 

— ~ 

Residue  on 
Evaporatl 

Free. 

Albuminoid. 

• 

• 

h 

2 

29.80 

1 

.0480 

.0030 

!      4.00 

i 

1      1.6000 

.0100 

.1422 

7.6 

.0080 

1 

27.10 

'       .0520 

.0050 

4.17 

,      1.6000 

.0040 

.1106 

6.1 

.0150 

2 

28.70 

.0820 

.0030 

I      3.93 

1.7000 

.0030 

.1014 

7.3 

.0100 

8 

28.00 

'       .0600 

.0150 

8.79 

I      1.4000 

.0050 

.0943 

6.9 

.0100 

25.60 

'       .0160 

.0030 

1      3.62 

'       1.8000 

1 

.0010 

.1417 

5.1 

.0060 

24.90      1 

.0280 

.0050 

!      3.58 

1 

1.0500 

.0060 

.1320 

5.1 

.0040 

14.70      i 

.0320 

.0040 

'      3.97 

1 

1.2000 

.0040 

.1618 

5.4 

.0040 

26.00      1 

.0400 

.0040 

1      8.46 

1      1.1000 

•0050 

.1696 

5.1 

.0180 

26.10 

.0560 

.0040 

8.63 

1.6000 

.0030 

.1584 

5.6 

.0140 

9 

23.65      1 

1 

.1071 

.0080 

3.64 

1.0360 

.0045 

- 

1        5.8 

1 

1      .0098 

1 

10 

The  iamplM  were  collected  from  the  underdraln  at  its  outlet. 
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Chemical  Examination  of  Water  fnrm  a  Spring  near  BannUler 

[Pmna  par  100,000.] 


~ 

1 

i 

.*«»*«««.. 

f 

i 

1 

1           i 

10910 

110U 

IHM 
lUlT 

Ao|.  16 
ADf.  30 
Sapt.  11 
S.pt.  U 
Oel.     U 
Not.      1 
Not.    10 
N«.    » 
D«,    IS 

Now. 
Nod*. 
Now. 

None. 
None. 
Nod*. 
Non.. 

.f  .  J.  .  .. 

lllilllli 

• 

Hon* 
Nou 
Nod* 
Hou 
Nod* 

Nod* 

NODO 

Nod* 

None 
Nona 
Nop* 
Nod* 
Hod* 
Nona 
Nona 

Non* 

At.* 





1 

■  Tbo  DTar^e  (traD  ban  faieludi*  Uu  raaull*  ol  aiwlraM  nada  dailit  lb*  •arllar  put  ol 


Chemical  Examination  of  Water  from  Banniaier  Brook  below  the  Framingham 
FiUer-bedi. 


[Parta  par  100^.1 

s 

1 

.!S-.S- 

A„0.,A. 

i 

«"S-" 

I 

f 

1 

1 

^ 

li 

1 

uicmiioiD. 

i 

i 

1 

J 

1 

10001 

11010 

■  SB3. 

Fab.   13 

Bapl.  11 

Blltbi. 

DlXlBct. 

suT"' 

.80 
.TO 

;■« 

3.0E 

.0011 

osi 

OIU 
0113 

0049 

oou 

i.u; 

.euo 
.two 

•001 

I.UI* 

•.«a 

1.1 

lioss 

S.pt.  21 

.,«., 

Sllghl. 

•W 

».»« 

1.M 

.0014 

otoi 

om 

""H 

.1000 

MOl 

0.411^ 

iiisa 

oa.  1= 

SJlgbl, 

V..ll«l>l- 

.» 

T.-r* 

3.00 

.0030 

OlM 

OllI] 

sq 

.ma 

one 

«.tMBk.) 

IIMT 

No«.     1 

Bllihl. 

Sllghl. 

.M  8.U 

l.Si 

.OOM 

osn 

o»» 

.osn' 

«nJ 

i-uhL) 

111» 

Sir.  10 

DltUnot, 

V.  alight. 

.40  T.» 

J.SS 

.oojo 

wo 

oJ 

OOKV^.OT 

.04M 

Mm. 

;:± 

iKie 

KoT.  M 

Biutif- 

811gbl. 

.09   (.» 

1.(0 

.0011 

MH 

OlM 

DIM 

•■1 

.ma 

-om 

At. 



3.01 

-OOM 

0»0 

0107 

H 

H 
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Brooke  which  receives  Effluent  from  the  Framingham  Filter-beds, 

[Parts  per  100,000.1 


O  O 

o  5 

•o  > 

•  W 


14.30 
14.10 
13.50 
13.45 
14.70 
16.50 
14.25 
14.30 
14.00 


13.45 


Ammonia. 


a 

O 

6 

I 

o 

Sb 

•< 

.0000 
.0006 
.0000 
.0000 
.0004 
.0000 
.0000 
.0000 
.0000 


.0001 


.0010 
.0022 
.0000 
.0016 
.0004 
.0000 
.0008 
.0012 
.0010 
.0014 


NlTIOGBK  Al 

• 

5 

■ 

m 

2 

s 

^ 

>. 

.4500 
.7000 
.7000 
.5000 
.5250 
.6500 
.5000 
.6000 
.6800 


.dUvu 


.0000 
.0000 
.0000 
.0000 
.0000 
.0001 
.0000 
.0000 
.0000 


.0000 


.0276 
.0653 
.0078 
.0410 
.0445 
.0400 
.0996 
.0870 
.0482 


8.4 

.0060 

2.9 

.0000 

4.2 

.0000 

8.6 

.0026 

3.9 

.0040 

4.4 

.0000 

4.0 

.0000 

8.9 

.0000 

4.6 

.0060 

8.6 

.0080 

1 

2 
3 

4 
6 
6 
7 
8 
9 
10 


the  year  and  printed  Id  the  preceding  annual  report.    No  analyses  were  made  in  January. 


Sewage  Disposal  at  Gardner. 

The  Gardner  sewerage  system  was  put  in  operation  about  Aug.  1 , 
1891.  At  the  end  of  1893  there  were  161  connections  with  the 
sewers,  120  of  which  were  from  dwelling-houses  and  the  remainder 
from  factories,  business  blocks,  hotels  and  public  buildings.  The 
population  of  the  town  in  1890  was  8,424.  With  the  exception  of 
roof-water,  used  for  flushing  purposes,  from  a  limited  number  of 
buildings  at  the  upper  ends  of  the  sewers,  surface  water  is  excluded. 
The  quantity  of  sewage  is  not  definitely  known,  but  it  is  probably 
not  far  from  200,000  gallons  per  day  in  dry  weather. 

The  tract  purchased  by  the  town  for  the  disposal  of  the  sewage 
contains  16.9  acres.  Much  of  the  material  upon  this  tract  was  found 
to  be  too  fine  for  the  filtration  of  sewage,  and,  as  a  result,  the  filter- 
beds  are  almost  wholly  artificial,  being  formed  of  the  porous  sand  and 
gravel  from  a  ridge  upon  this  tract.  There  are  twelve  thoroughly 
underdrained  filter-beds  for  the  disposal  of  sewage,  having  a  total  area 
of  1.39  acres,  two  supplementary  beds  which  are  less  porous  and  not 
underdrained,  having  a  total  area  of  0.37  acre,  and  two  other  small 
underdrained  beds,  containing  together  0.14  acre.     One  of  these 
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small  beds  is  used  to  receive  the  sludge  from  the  sludge  tank,  and 
the  other  to  receive  the  discharge  from  a  blow-off  located  at  the 
lowest  point  in  the  pipe  leading  from  the  town,  which,  for  the  last 
1,050  feet  of  its  length  where  it  crosses  the  valley  of  Pond  Brook, 
is  an  inverted  siphon.  This  bed  was  not  used  in  1893,  however, 
because  it  has  been  found  that  if  clogging  occurs  the  sewage  backs  up 
in  the  pipe  until  sufficient  head  is  obtained  to  remove  the  obstruction. 
The  material  of  the  filter-beds  has  an  effective  size  of  0.10  to  0.24 
millimeter,  which  is  somewhat  coarser  than  at  Marlborough  but  much 
finer  than  at  Framingham.  The  underdrains  beneath  the  beds  are 
generally  twenty  feet  apart  and  at  a  depth  of  from  four  to  five  feet 
below  the  surface  of  the  beds. 

The  sewage,  when  it  reaches  the  disposal  area,  first  passes  through 
duplicate  separating  tanks  having  a  total  capacity  of  about  10,000 
gallons,  and  overflows  through  wooden  troughs  upon  the  disposal 
area,  as  described  in  the  annual  report  of  the  Board  for  1892,  page 
580. 

It  has  been  the  custom,  except  during  the  winter  months,  to  apply 
sewage  to  one-half  of  the  beds  one  day  and  the  other  half  the  next, 
and  once  in  ten  days  or  two  weeks  to  remove  one-eighth  to  one- 
quarter  inch  of  scum  and  clogged  sand,  and  afterward  to  rake  to  a 
depth  of  about  1.5  inches  to  loosen  the  material.  Below  this  depth 
the  material  is  compact  to  a  depth  of  several  inches. 


[ParU  per  100,000.] 


Chemical  EzamineUion  of 


1 

Collection. 

1 

Appbasanck.                     , 

RBSIDOB  oil  EVAFORATIOJI. 

'             ■ 

»; 

• 
a 

1 

I 
1 

1 

1 

TOTAL  MMDUB. 

L(>M 

ox  iaviTto5. 

1 

1           I 

• 

"8 

1 

a 

3 

c 

s 

1 

•3 

1 

i  ' 

3 

• 

1 

1  ■  ^ 

i 

1 

i 

9 

K 

1R93.     i 

^ 

(ft 

Q 

^ 

a      :       «      , 

H 

c 

X 

1 
1 

: 

1 

1 

10795 

Aug.  14 

Thick. 

Heavy,  dark. 

0.90  1 

64.50 

45.90 

19.90 

S2.90 

17.80 

14.90 

2 

10920 

Aug.  80 

Decided. 

milky. 

Coda. 

1 

0.50 

28.40 

10.10 

9.30 

16.40 

7.40 

8.00 

3 

11002 

Sept.  11  , 

Decided, 

thick. 

Heavy. 

0.50 

1 

60.10 

35.80 

84.80  ' 

1 

41.10 

18.60 

37.50 

A 

11097 

Sept.  27  1 

Decided. 

Heavy,  gray. '  0.70  ! 

82.80 

21.80 

11.00 

18.00 

10.00 

8.00 

5 

11180 

Oct.    12  i 

Decided. 

,  Heavy,  gray,  j  1.20  i 

46.40 

26.40 

81.00  , 

99.90 

11.60 

17.00 

« 

1126S 

Oct.    30 

Decided. 

Heavy,  gray. 

1.20 

86.60 

24.00 

13.00  • 

19.00 

9.00 

10.00 

7  1  11334 

Nov.  14 

Decided. 

Heavy,  gray. 

0.00 

29.20 

18.40 

10.80  1 

18.60 

T.OO 

6.00 

8  •■  11410 

Nov.  28 

Decided. 

Heavy,  gray. 

o.eo  ' 

86.80 

20.40 

15.40 

16.40 

8.00 

8.40 

9 

11487 

Doc.   13  , 

,  Very  thick. 

Heavy.            |  0.70 

43.20 

90.80 

33.40  . 

ao.oo 

10.90 

19.80 

10 

11556 

Dec.  27  ' 

!  Thick. 

1 

Cent.,  white.    0.00  : 

28.80 

38.20 

6.60 

17.80 

13.90 

5.00 

11 

Av.» 

!  0.01 

S8.85 

30.90 

is.a  - 

j  10.01 

9.S 

!  9.:9 

1                   1 

1 

1 
J 

*  This  average  is  for  the  whole  year  1898,  and  tndadM  the  rtfoltt  of 
earlier  pnrt  of  the  year  and  printed  in  the  preceding  ansiiAl  report. 
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The  results  obtained  at  Gardner  have  been  satisfactory  in  the  sum- 
mer, but,  as  stated  in  the  last  annual  report,  in  order  to  obtain  these 
results  it  has  been  necessary  to  attend  carefully  to  the  distribution  of 
the  sewage  upon  the  different  beds,  and  to  remove  at  frequent  inter- 
vals the  scum  which  forms  upon  them.  During  cold  weather  when 
the  removal  of  this  scum  is  prevented  by  snow  and  ice  upon  the 
beds,  it  has  not  been  found  practicable  to  filter  the  sewage  upon  the 
small  area  provided,  and  a  portion  of  it  has  overflowed  into  the 
brook.  In  December,  1893,  the  surfaces  of  the  filter-beds  remained 
smooth,  and  were  unprepared  by  ridging  or  otherwise  for  use  in 
cold  weather,  and  during  the  latter  part  of  the  month  the  sewage 
froze  to  the  surfaces  of  some  of  the  beds.  The  remaining  beds  were 
used  beyond  their  capacity  and  remained  constantly  covered  with 
sewage,  thereby  making  the  filtration  continuous,  while  a  consider- 
able quantity  of  sewage  overflowed  into  the  brook.  The  effluent  of 
the  portion  of  the  sewage  filtered  through  the  beds  deteriorated  in 
quality  when  cold  weather  began. 

The  analyses  of  sewage  and  effluent  from  the  Gardner  filter- 
beds,  from  August  to  December,  1893,  are  given  in  the  following 
table.  The  averages  of  analyses  for  the  whole  year  1893  show  that, 
of  the  sewage  filtered,  91.1  per  cent,  of  the  organic  matter  (as 
represented  by  the  albuminoid  ammonia)  was  removed  from  the 
sewage  by  filtration. 


Sewage  from  Gardner, 


[Parts  per  100,000.] 
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Odor,  offenilTe.— —  The  sewage  was  collected  as  it  flowed  upon  the  beds. 
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Chemieal  Examiaalion  of  Effluent  front  Uit 
[Fan*  pat  loo.ooo.] 
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Bewagt  from  Marlborough. 


[Put*  p«r  100,000.] 
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11 

Odor,  offensive. The  uunplet  were  collected  from  the  separatlog  tanks  and  represent  the  aewagt 

after  a  portion  of  the  suspended  matter  had  been  separated  from  it. 


Underdrains  of  the  Marlborough  FiUer-heds, 

[Parts  per  100,000.] 
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Chemical  Examination  of  Effluent  Jrom  the 

[Parte  per  100,000.] 
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Diatlnct,  milky. 
None. 

Slight,  mUky. 
Very  alight. 
None. 
Very  alight. 


Cona.,  maty. 
Cona.,  light. 
Slight. 

Cona.,  fibroua. 
Slight. 
None. 
Slight. 
Very  alight. 
Very  alight. 
Slight. 


o 
o 


0.40 

0.12 

0.16 

0.08 

0.12 

0.00 

0.07  ' 

0.06 

0.00 

0.03 


Odor. 


0.01  ! 


§ 


Offenaive. 
Offenalve. 
Offenaive. 
OfFenaWe. 
Offenaive. 
Offenaive. 
Faintly  maaty. 
Diatinctly  maaty. 
Diatinctly  maaty. 
Decidedly  muaty. 


Offenaive. 

Offenaive. 

Offenaive. 

Offenaive. 

Offenaive. 

Offenaive. 

Decidedly  moaty. 

Decidedly  maaty 
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*  The  average  given  here  includes  the  reaalta  of  analyaea  made  daring  the  earlier  pert  of  the  year 
and  printed  in  the  preceding  annual  report. 


Chemical  Examination  of  Water  Jrom  the  Brook  into  which  the 

[Parta  per  100.000.] 
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*  Sample  No.  11061  la  omitted  from  the  AVtragt. 
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Underdrains  of  the  Marlborough  Filter-beds —  Concluded. 

(Puti  p<r  lOO/MO.] 
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Sewaob  Disposal  at  Medfield. 
A  system  of  sewage  disposal  by  iatennittent  filtration  was  intro- 
duced at  Medfield  id  1886,  and  was  described  in  the  MiDet«enth 
Annual  Eeport  of  the  Board  for  the  year  1887.  Up  to  the  end  of 
1893  connections  had  been  made  with  one  hotel,  three  houses  and  a 
large  straw  factory,  in  which,  at  times,  as  many  as  900  operatiTes 
are  employed.  The  original  area  of  the  beds  was  about  one  acre. 
The  material  is  mostly  coarse  gravel.  As  the  level  of  the  ground 
water  is  about  ten  feet  below  the  surface  of  the  filter  there  are  no 
underdraina.     There  are  foar  beds,  the  surfaces  of  which  are  some- 
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what  uoeven,  each  of  which,  as  a  general  rule,  takes  the  sewage  in 
turn  for  two  days.  It  was  found  that  there  was  considerable  loam  a 
short  distance  below  the  surface  of  a  portion  of  the  beds  which 
eventually  became  clogged.  In  the  summer  of  1893  this  loam  was 
removed  and  replaced  with  coarse  gravel,  and  the  area  of  the  filter 
increased  about  one-third. 

No  trouble  has  arisen  from  odors.  In  the  following  tables  will 
be  found  analyses  of  the  sewage,  and  of  the  effluent  taken  from  a 
spring  a  short  distance  below  the  filter.  The  effluent  is  of  excellent 
quality,  and  no  deterioration  is  shown  by  the  analyses  when  com- 
pared with  those  made  in  1887,  after  the  works  had  been  in  opera- 
tion for  a  comparatively  short  time. 


Sewage  from  Medfield, 


[Parte  per  100,000.] 
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The  atraw  ahop  was  not  running  at  the  time  the  aample  was  collected. 


the  Filtration  Area  of  the  Medfield  Sewerage  System, 

[Parte  per  100,000.] 
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Sewage  Disposal  at  Welleslet  College. 

Up  to  1892  the  greater  part  of  the  sewage  from  the  Wellesley 
College  buildings  was  disposed  of  by  passing  it  through  small  and 
imperfect  artificial  filters  of  peat  and  gravel,  but  aa  the  results  ob- 
tained by  this  method  were  unsatisfactory,  new  works  were  con- 
structed in  1892  for  the  treatment  of  the  sewage  from  the  main 
building  and  cottages  near  it,  by  intermittent  filtration. 

As  the  works  were  first  constructed  the  sewage  passed  from  the 
buildings  through  pipe  sewers  to  a  settling  tank  six  feet  in  dianneter, 
thence  into  an  automatic  flush  tank  thirty  feet  long  and  six  feet 
wide,  in  which  the  sewage  had  a  depth  of  twenty-six  inches,  and 
from  the  flush  tank  was  discharged  into  two  eight-inch  pipes  pass- 
ing through  the  middle  of  a  nearly  level  filtration  area  300  feet 
long  and  150  feet  wide.  Every  four  feet  along  each  of  the  eight- 
inch  pipes  there  was  laid  out  to  the  edge  of  tbo  area  a  line  of  three- 
inch  pipes,  with  open  joints,  for  distributing  the  sewage.  These 
pipes  were  about  twenty  inches  below  the  surface  of  the  ground) 
and  the  joints  between  some  of  them  were  covered  with  tarred 
paper  and  all  were  surrounded  with  coarse  gravel.  Much  of  the 
material  of  the  fitter  bed  is  coarse  sand  or  gravel,  but  in  some  places 
there  is  a  very  fine  sand. 

After  about  three  months'  use  the  pipes  were  so  badly  clogged 
that  it  was  necessary  to  dig  them  up  and  clean  them.  It  was  found 
that  many  of  the  pipes  were  clogged  with  pieces  of  rags  and  paper, 
and  that  the  line  sand  had  filled  the  interstices  of  the  coarse  gravel. 
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After  this  clogging  occurred  provision  was  made  for  screening  the 
sewage  so  as  to  prevent  the  entrance  of  coarse  substances  into  the 
eight-inch  pipes. 

In  the  summer  of  1893  some  further  changes  were  made.  Two 
settling  tanks,  each  ten  feet  long  and  six  feet  wide,  were  added,  and 
the  length  of  the  filtration  area  was  extended  to  450  feet,  making 
the  total  area  1.55  acres.  All  of  the  sub-surface  distributing  pipes 
were  relaid,  and  over  the  joints  of  the  pipes,  in  all  cases,  were 
placed  pieces  of  half-pipe  of  larger  diameter.  An  eight-inch  pipe 
was  laid  along  each  side  of  the  filtration  area  and  connected  with 
the  ends  of  all  of  the  three-inch  distributing  pipes.  Gates  have 
been  placed  at  the  lower  ends  of  all  of  the  eight-inch  pipes,  and 
about  once  a  week,  usually  on  washing  day,  they  have  been  opened 
with  a  view  to  flushing  the  entire  system  of  pipes.  The  sewage 
used  in  flushing  discharges  upon  a  thin  filter-bed  about  fifty  feet 
square.  It  has  been  the  custom  to  empty  the  settling  tanks  once  a 
week,  and  at  these  times  the  liquid  matter  is  discharged  upon  a  small 
filter-bed  constructed  for  this  purpose,  while  the  semi-solid  portions 
remaining  are  fun  into  carts  and  removed  to  some  woods  at  a  con- 
siderable distance  from  the  buildings  where  they  are  disposed  of  by 
composting.  There  are  about  500  people  connected  with  this  system. 
There  have  been  no  indications  of  clogging  in  the  sub-surface  pipes 
since  the  changes  were  made. 

In  the  following  tables  will  be  found  analyses  of  the  Wellesley 
sewage,  and  of  samples  of  water  taken  from  a  small  brook,  into  which 
some  of  the  effluent  finds  its  way,  above  and  below  the  filter-bed. 


Sewage  from  Wellesley. 
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(^emical  Examination  of  WaUr  Jrom  lAe  Brook  abov6  and  below  the  WtUalty 
Sewage  Filtration  Area. 
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Sewage  Disposal  at  Westborocgh, 
The  conatructioD  of  the  sewerage  syatem  of  the  town  of  Weat- 
borough  (populiition  in  1890,  5,195)  was  begun  id  18i)l,  sncl  up  to 
the  end  of  the  year  1893  ninety-oDe  connections  had  been  made  with 
the  sewers,  forty-three  of  which  were  from  the  larger  places,  such 
as  business  blocks,  factories,  etc.  The  main  sewer  ieadiag  from  the 
town  to  the  place  of  disposal  passes  through  tow  wet  ground,  and 
receives  a  large  amount  of  ground  water. 

The  sewage  is  disposed  of  upon  land  located  on  the  right  bank  of 
the  Assabet  River,  in  the  north-westerly  part  of  the  town.  Abont 
thirty-three  acres  were  taken  by  the  town  for  sewage-disposal  pur- 
poses, 17.5  of  which  may  be  classed  as  swamp  or  meadow  subject 
to  flooding  nt  times  of  high  water,  its  surface  being  at  an  elevatioD 
of  three  feet  or  less  above  the  ordinary  level  of  the  river.  About 
six  acres  of  the  upland  is  at  too  great  an  elevation  to  be  reached  by 
gravity  without  grading. 

The  sewage  is  conducted  to  a  settling  tank  on  the  disposal  area. 
The  tank  is  of  masonry,  built  in  two  compartments,  and  haa  a  total 
capacity  of  less  than  1,000  gallons.  Two  Biter  beda,  hariog  a  total 
area  of  a  little  over  two  acres,  were  prepared  in  1892  by  atrii^iog 
off  most  of  the  lonm  and  filling  with  coarse  sand  or  gnvel  to  depths 
varying  from  about  thirty  inches  at  the  lower  end  to  aboot  a  foot  at 
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the  other  end.  The  material  beneath  the  filling  is  a  fine,  compact 
aand  almost  impervious  to  water.  The  surfaces  of  the  beds  are 
from  six  to  six  and  one-half  feet  above  the  ordinary  level  of  the  sur- 
face of  the  water  in  the  Assabet  River,  opposite  the  sewage  field. 
During  the  prevalence  of  high  water  in  the  spring  the  surface  of  the 
water  in  the  river  rises  to  about  three  feet  above  the  ordinary  level. 

Sewage  was  applied  to  the  beds  in  April,  1893,  and  it  was  found 
that  the  sand  beneath  the  artificial  and  porous  surface  layer  was  so  fine 
that  it  remained  saturated  and  also  kept  the  material  above  it  saturated 
for  weeks  ailter  the  application  of  sewage  had  ceased.  It  is  said  that 
these  beds  could  be  made  to  take  the  whole  flow  of  sewage  for  about 
a  week  by  filling  them  to  the  level  of  the  top  of  the  embankment. 
On  discontinuing  the  use  of  the  beds  in  July  it  took  eight  weeks  for 
the  sewage  to  disappear. 

To  obtain  material  to  prepare  the  filter  beds  as  above  described, 
a  pit  was  excavated  in  a  gravel  ridge  in  the  higher  portion  of 
the  area  owned  by  the  town.  Into  this  gravel  pit,  covering  an  area 
of  approximately  15,000  square  feet,  the  bottom  of  which  is  said  to 
be  six  inches  above  the  ground- water  level,  the  sewage  has  been 
discharged  from  time  to  time,  and  it  has  been  filled  to  the  level  of 
the  bottom  of  the  sewage  carrier,  or  approximately  six  feet  deep, 
forming  a  huge  cesspool,  the  efiluent  from  which  appeared  in  the 
form  of  a  flowing  spring,  on  the  surface  of  a  piece  of  low  land  fifty 
to  seventy-five  feet  from  the  edge  of  the  excavation.  During  the 
year  1893  sewage  has  also  been  discharged  from  time  to  time  on 
a  portion  of  the  unprepared  ground  and  allowed  to  flow  over  its 
surface  to  find  its  way  to  the  meadows. 

The  selectmen  of  the  to\Vn  applied  to  the  State  Board  of  Health, 
Sept.  18,  1893,  stating  that  the  former  advice  of  the  Board  had  not 
been  carried  out,  and  requesting  the  Board  to  make  another  exami- 
nation of  the  present  sewage-disposal  works  at  Westborough,  and 
advise  the  town  farther  in  the  matter  of  sewage  disposal.  The  reply 
of  the  Board  to  this  application  may  be  found  on  page  86  of  this 
volume. 

Toward  the  end  of  the  year  the  surfaces  of  the  two  filter  beds 
were  raised  from  one  to  two  feet  by  the  addition  of  more  coarse 
sand,  and  two  six-inch  underdrains  were  placed  beneath  the  bed^at 
depths  of  from  three  to  five  feet  beneath  the  surface.  In  addition  to 
this  work,  two  additional  beds,  each  about  an  acre  in  area,  were 
prepared  between  the  settling  tank  and  the  river.     The   surfaces 
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of  the  new  beds  were  levelled  to  some  extent,  and  in  each  two 
four-inch  uaderdraios  were  laid  three  feet  below  tbe  surface  at  the 
upper  ends  aod  five  feet  below  at  the  lower  ends.  It  is  said  that 
some  of  the  mud  in  the  low  places  on  the  area  covered  by  these  beds 
was  removed  while  preparing  the  beds  aod  replaced  with  grsvel 
from  a  knoll  situated  partly  within  the  limits  of  the  beds.  There  is 
coDsiderable  loam  remaining  on  each  bed.     Sewage  was  distributed 
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upon  the  two  new  beds  from  trenches  along  the  sides  and  by  furrows 
across  the  beds.  The  distribution,  however,  at  the  time  the  beds 
were  examined  was  very  uneven. 

In  the  following  table  will  be  found  analyses  of  samples  of  the 
sewage,  of  the  effluent  from  the  gravel  pit  collected  at  the  spring 
already  mentioned  and  of  samples  collected  from  the  Assabet  River 
above  and  below  the  disposal  area. 

the  Westborough  Sewerage  System, 
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Chemical  Examination  of  Water  fivm  the  Jsiabet  Biver  above  and  below  the  WeH- 
borough  Sewage  Filter-bedi. 
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CHEMICAL  PRECIPITATION  OF  SEWAGE 


AT  THB 


WORLD'S  Columbian  Exposition, 

CHICAGO,  1893. 


By  ALLEN  HAZEN, 

CHEMIST,  DEPABTXENT  OF  WATBB  8UPPLT,  SXWBRAGB  AND  FIBB  PBOTBCTIOH. 


CHEMICAL  PRECIPITATION.  OF  SEWAGE  AT  THE  WORLD'S 

COLUMBIAN  EXPOSITION,  CHICAGO, 

1893. 


By  ALLEN  HAZEN,* 
Chemist,  Department  of  Water  Supply,  Sewerage  and  FraE  Protection. 


The  sewage  disposal  works  at  the  World's  Columbian  Exposition 
were  described  in  the  «'  Engineering  News"  of  Aug.  3,  1893,  which 
contains  drawings  showing  many  of  the  details  of  construction  and 
arrangement. 

The  works  were  designed  and  built  under  the  direction  of  W.  S. 
MacHarg,  C.E.,  engineer  for  water  supply,  sewerage  and  fire  pro- 
tection, Mr.  C.  M.  Wilkes  being  first  assistant  engineer,  and  the 
construction  of  the  plant  and  the  operation  of  the  machinery  being 
superintended  by  Mr.  C.  E.  Chester.  The  writer  was  employed  to 
superintend  the  precipitation  of  the  sewage  after  the  construction  of 
the  works  was  practically  completed. 

The  works  consisted  in  brief  of  four  cylindrical  iron  settling  tanks 
of  the  Rockner-Rothe  type,  32  feet  high  and  32  feet  in  diameter,  with 
conical  bottoms,  which,  in  a  height  of  22  feet,  tapered  from  32  feet 
to  6  feet  (see  diagram  on  following  pagef).  The  total  height  was 
thus  54  feet,  and  the  capacity  of  each  tank,  as  ordinarily  used  with 
sewage  standing  18  inches  below  the  top,  was  237,000  gallons. 

The  sewage  from  the  various  buildings  on  the  Exposition  grounds 
was  forced  by  Shone  ejectors  into  the  iron  sewers  which  terminated 
in  a  receiving  tank  16  feet  in  diameter  and  10  feet  deep,  where  the 
sewage  was  screened  and  afterward  passed  through  the  four  pipes 
which  conveyed  it  to  the  different  settling  tanks,  receiving  and  be- 

*  Mr.  Haxen,  at  the  time  of  his  appointment  at  Chicago,  was  chemist  in  charge  of  the  Experi- 
ment SUtion  of  the  Massachnsetts  State  Board  of  Health  at  Lawrence.  He  held  the  position 
at  Chicago  during  a  leaye  of  absence  granted  by  the  Board. 

t  The  plate  ftx>m  which  this  diagram  is  printed  was  Icindly  famished  by  the  Engineering 
News  Pabliflhing  Company. 

[M7J 
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coming  mixed  with  the  necessary  chemieuls  on  the  way.  The  mixed 
and  precipitated  sewage  then  passed  down  tbrough  central  cyliodere, 
6  feet  in  diameter,  to  points  near  the  bottoms  of  the  tanks,  where  it 
was  distributed  by  sheet-iron  arms  and  the  precipitate  settled  to  the 
bottom,  while  the  clarified  liquid,  ready  for  discharge  into  the  lake, 
slowly  rose  to  the  top,  where  it  was  removed  by  a  set  of  troughs 
drawing  as  nearly  as  possible  equal  quantities  of  effluent  fnmi  equal 


areas  of  surface  to  give  a  unifoi-m  and  regular  upward  moTemcat  V 
the  sewage  in  the  tanks.  The  sludge  which  settled  to  the  conical- 
shaped  bottom  was  expected  to  slide  to  the  point  of  the  cone,  whet* 
there  was  an  outlet  through  which  it  could  be  drawn  off  from  time  lu 
time  for  pressing  without  interrupting  the  continuous  action  of  lh« 
tanks. 

The  filter-presses,  which  were  exhibited  by  the  Perrin  Compaay. 
Chicago,  were  made  iiy  the  G.  II.  Bushnell  Company,  Tbompsonville, 
Conn.,  and  produced  at  each  operation  fifty  cakes  of  sludge  36  inches 
in  diameter  and  about  1|  inches  thick,  weighing  about  47  poandi 
each.  The  central  passages  in  the  filter-presses  were  4  inches  io 
diameter,  but  it  was  found  that  rags  and  cotton  wute  which  pueed 
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the  bars  in  the  screen,  about  three-fourths  of  an  inch  apart,  would 
frequently  stop  the  4-inch  holes  in  the  plates,  allowing  the  pressure 
to  accumulate  on  one  side  of  the  plate  until  it  broke.  The  delay 
and  expense  of  replacing  plates  was  considerable,  and  it  was  not 
until  the  screen  was  covered  with  a  finer  wire  screen  to  retain  all 
rags  and  the  holes  in  the  plates  were  cut  out  to  six  inches  in  diame- 
ter that  satisfactory  working  was  obtained.  The  quantity  of  sludge 
which  could  be  pressed  with  these  presses  was  much  below  the 
anticipated  amount,  and  the  failure  to  press  promptly  the  sludge  as 
produced  was  often  the  limit,  during  a  large  part  of  the  summer,  of 
the  eflSciency  of  the  plant. 

The  sludge  cake,  together  with  the  garbage  from  the  grounds, 
was  burned  in  an  Engle  crematory  near  the  sewage-disposal  works. 

The  object  of  having  four  separate  settling  tanks,  each  of  them 
with  its  independent  appliances  for  mixing  chemicals,  was  to  allow 
the  simultaneous  application  of  different  chemicals  to  sewage  of  pre- 
cisely the  same  composition,  and  to  secure  in  that  way  definite 
comparisons  between  the  different  chemicals  when  working  upon  a 
large  scale.  Such  experiments  were  made  almost  from  the  first,  but 
it  soon  became  apparent  that,  within  wide  limits  at  least,  the  chemicals 
employed  were  not  the  controlling  or  even  the  leading  factor  in  the 
results  obtained,  and  that  the  differences  between  the  various  quan- 
tities or  kinds  of  chemicals  were  often  far  more  than  offset  by  other 
conditions,  which  will  be  described  beyond,  over  which  we  had  less 
control.  In  this  way,  our  investigations,  instead  of  throwing  light 
upon  the  questions  which  we  had  propounded,  have  been  mainly 
confined  to  quite  another  set  of  problems  which  were  scarcely  antici- 
pated before  they  presented  themselves.  We  found  it  necessary  to 
study,  not  so  much  how  to  produce  a  precipitate  by  adding  chemicals 
to  the  sewage,  as  how  to  make  it  settle  to  the  bottom  and  stay  there 
until  it  could  be  removed  and  pressed. 

Manner  of  Delivery  op  the  Sewage  at  the  Works. 

One  of  the  most  troublesome  circumstances  in  connection  with  the 
plant  was  the  irregular  manner  in  which  the  sewage  was  delivered 
at  the  works.  The  flow  .of  sewage,  instead  of  coming  regularly,  was 
subject  to  violent  fluctuations,  due  to  the  method  of  collection  and 
to  the  construction  of  the  force  main.     The  sewage  was  forced  into 
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this  main  by  twenty-six  pairs  of  Shone  ejectors  located  at  yarioas 
points  on  the  grounds.  These  were  operated  by  compressed  air 
from  a  central  station  in  Machinery  Hull,  and  each  was  furnished 
with  an  automatic  appliance  to  shut  off  the  air  as  soon  as  the  tank 
was  sufficiently  emptied.  For  some  reason  these  valves  often  failed 
to  act  as  was  intended  and  the  compressed  air  followed  the  sewage 
into  the  pipes  in  large  quantity,  pushing  ahead  of  it  the  sewage  in 
the  sewer  pipes  with  great  rapidity  to  the  precipitation  works.  The 
sewer  pipes  having  been  laid  without  attention  to  grades,  contained 
numerous  summits  and  depressions,  and  the  air  rapidly  accumulated 
in  the  summits  until  finally  the  bulk  of  the  sewage  in  the  sewers  bad 
been  forced  to  the  works  when  at  last  the  air  commenced  to  come 
through  the  vertical  discharge  pipe.  This  at  once  relieved  the  press- 
ure and  the  large  volume  of  air  contained  in  the  sewers,  now  rapidly 
expanding  and  mixed  with  varying  proportions  of  sewage,  came  out 
with  explosive  violence,  throwing  quantities  of  sewage  into  the  air 
and  even  through  the  roof.  The  violence  of  these  *«  blows'*  can  be 
somewhat  appreciated  when  it  is  stated  that  most  of  the  glass  in 
the  roof  twenty  feet  above  the  outlet  was  broken  by  these  **  blows" 
within  a  few  days  after  the  works  were  started,  and  that  among  other 
d(^bris,  a  piece  of  lead  weighing  nine  pounds,  which  had  been  acci- 
dentally left  in  the  sewers,  was  carried  up  through  and  discharged 
from  the  vertical  pipe  fifty  feet  in  height. 

The  number  of  days  in  each  month  on  which  such  **  blows"  oc- 
curred, usually  from  one  to  ten  and  sometimes  even  as  many  as 
twenty  «*  blows  "  occurring  in  a  single  day,  was  as  follows  :  — 

April  (14  to  30),  13  days,  or  76  per  cent,  of  the  total  number  of  days. 
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The  average  maximum  hourly  flow  of  sewage  was  about  6  per  cent, 
of  the  total  daily  flow,  and  the  latter  never  exceeded  3,200,000  gal- 
lons ;  it  may  thus  be  said  that  the  normal  flow  of  sewage  which  should 
have  been  obtained,  if  it  had  been  delivered  at  the  same  rate  as  it 
was  produced,  would  not  have  exceeded  190,000  gallons  per  hour, 
and  this  quantity  would  produce  a  velocity  of  only  a  foot  a  second 
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in  the  three-foot  discharge  pipe.  Actually,  the  ordinary  discharge 
between  <<  blows*'  was  much  less  than  this,  and  allowed  much  of  the 
suspended  matter  of  the  sewage  to  be  deposited  on  the  bottom  of  the 
sewer.  Every  time  a  **  blow"  occurred  the  matter  which  had  been 
deposited  since  the  previous  <<  blow"  was  flushed  out,  and  at  these 
times  sewage  was  obtained  two  or  three  times  as  concentrated  as 
at  other  times.  Thus  for  short  intervals  enormous  quantities  of 
highly  concentrated  sewage  were  received  at  the  works,  and  the  rest 
of  the  time  only  a  reduced  flow  of  a  sewage  from  which  the  sludge 
had  been  partially  removed,  and  frequently  for  a  time  after  the 
*«  blows"  occurred  there  was  no  flow  at  all. 


Precipitants  Employed. 

The  chemicals  employed  as  precipitants  were  copperas  or  crude 
ferrous  sulphate,  crude  alum  or  sulphate  of  alumina,  a  crude  ferric 
sulphate,  and  lime.  The  copperas,  alum  or  ferric  sulphate  was  first 
added  to  the  sewage,  which  then  passed  through  a  mechanical  mixer 
containing  a  rapidly  revolving  paddle-wheel,  and  then  received  the 
lime.  The  mechanical  mixers  for  mixing  the  chemicals  with  the  sew- 
age had  no  advantage  over  a  fishway,  and  were  more  expensive  and 
troublesome  in  construction  and  operation.  The  chemicals  were 
added  mainly  in  accordance  with  the  principles  given  in  the  special 
report  of  the  Massachusetts  State  Board  of  Health  for  1890  ;*  but 
owing  to  variation  in  the  market  prices  of  the  various  chemicals 
and  the  freight  the  relative  costs  were  changed  somewhat. 

The  analyses  and  costs  of  the  various  chemicals  employed,  together 
with  many  other  data,  are  given  in  the  Appendices  following  (pages 
613-624).  In  calculating  the  costs  the  actual  costs  of  chemicals  de- 
livered in  Chicago  are  given  in  each  case,  although  much  lower  prices 
were  paid  for  some  of  the  later  lots  than  at  the  beginning. 

It  was  found  that  the  sludge  produced  with  copperas  and  lime  as 
precipitants  was  much  more  easily  pressed  than  that  with  alum,  even 
when  used  with  lime ;  and  as  the  cost  of  pressing  the  sludge  ex- 
ceeded the  cost  of  precipitating,  copperas  was  a  more  economical 
precipitant  than  alum.  For  the  same  reason  more  lime  was  used 
with  alum  than  was  necessary  to  produce  the  best  effluent,  because 

*  Experiments  apon  the  Chemical  Precipitation  of  Sewage,  by  Allen  Hazen.  Special  Report 
of  the  Mmtiacbitsetts  State  Board  of  Health  npon  Pnriflcation  of  Sewage  and  Water,  1890. 
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the  sludge  produced  in  presence  of  an  excess  of  lime  could  be  much 
more  easily  pressed,  and  the  extra  lime  applied  to  the  sewage  was 
cheaper  than  the  labor  on  the  presses.  For  equal  costs  of  treatment 
copperas  and  alum  produced  equally  good  effluents,  although  the 
effli^ent  from  copperas  had  more  color  (due  to  the  suspended  iron) 
than  that  from  alum.  The  only  ferric  sulphate  obtainable  contained 
much  free  acid,  with  a  disappointingly  low  percentage  of  soluble 
ferric  oxide,  and  the  rather  poor  results  obtained  should  not  be 
taken  as  disparaging  the  use  of  a  better  quality  of  reagent. 

Two  kinds  of  lime  were  employed,  a  very  pure  lime  from  Hanni- 
bal, Mo.,  and  a  local  dolomite  lime  which  was  used  at  first,  and  on 
one  or  two  occasions  afterwards  when  the  stock  of  Hannibal  lime 
was  exhausted.  This  lime  cost  only  two-thirds  as  much  and  was 
hardly  six-tenths  as  strong  as  the  Hannibal  lime,  and  to  avoid  un- 
necessarily complicating  the  figures  in  the  tables  given  beyond,  when 
dolomite  lime  was  used,  its  weight  is  reckoned  as  its  equivalent  io 
cost  of  Hannibal  lime,  or  two-thirds  its  actual  weight. 

Measurement  and  Composition  op  Sewage  and  Effluents. 

The  quantities  of  sewage  passing  each  tank  were  determined  by 
hourly  weir  measurements,  so  that  the  total  daily  flow  of  sewage 
was  calculated  from  ninety-six  readings.  Records  were  kept  of  a" 
these  quantities,  and  of  the  weights  of  the  chemicals  employed. 

Many  samples  of  sewage  and  of  the  different  effluents  were  anal}'zed 
to  determine  the  efficiency  of  the  treatments,  but  to  avoid  an  unneces- 
sarily large  volume  of  data,  only  the  monthly  averages  are  giveo 
below,  as  it  is  believed  that  no  additional  information  of  importance 
would  be  obtained  from  a  more  detailed  presentation.  The  metboJ 
of  obtaining  the  samples  was  to  mix  eight  pint  samples  in  a  gallon 
bottle,  the  eight  portions  being  taken  at  such  intervals  that  one- 
eighth  of  the  total  daily  flow  passed  between  each  two  of  tbeni* 
The  samples  of  effluent  were  taken  in  the  same  way,  but  as  moch 
later  than  the  corresponding  sewage  samples  as  the  average  tim^ 
required  for  the  sewage  to  pass  through  the  tanks. 

The  analyses  are  believed  to  represent  correctly  the  character  of 
effluent  as  discharged  into  Lake  Michigan  ;  but,  owing  to  the  violent 
fluctuations  in  the  flow  of  the  sewage  mentioned  above,  the  samiJes 
of  sewage  taken  represent  in  general  the  sewage  between  **  blowii 
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when  it  did  Dot  contain  the  full  amount  of  sludge,  as,  owing  to  the 
personal  danger  involved,  satisfactory  samples  could  not  be  obtained 
during  **  blows,''  and  even  if  they  could  have  been  collected,  it  would 
have  been  impossible  to  determine  how  much  sewage  actually  had  the 
composition  indicated  by  the  samples.  For  this  reason  the  results 
for  loss  on  ignition,  albuminoid  ammonia  and  oxygen  consumed  in 
the  unfiltered  sewage  are  too  low  and  the  results  of  efficiency  given 
must  be  taken  as  relative  instead  of  absolute.  The  soluble  constitu- 
ents, including  chlorine  and  free  ammonia,  were  not  affected  in  the 
least  by  sedimentation. 

The  averages  of  analyses  of  sewage  and  effluents  by  four  weeks' 
periods  are  as  follows  :  — 
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One  of  the  most  striking  features  of  these  analyses  is  the  excessive 
number  of  bacteria  found  in  the  effluents,  —  several  times  as  many 
as  in  the  crude  sewage.  The  causes  of  this  remarkable  conditioD 
were  investigated  by  Drs.  Wilson  and  Agar  of  the  United  States 
Army  Hospital.  The  results  obtained  show  that,  while  the  sewage 
contained  a  great  variety  of  species  of  bacteria,  the  effluents  con- 
tained only  a  few  species  in  large  numbers,  and  these  forms  were 
very  much  more  abundant  than  in  the  crude  sewage.  It  appears 
that  the  bulk  of  the  bacteria  of  the  sewage  was  taken  to  the  bottoms 
of  the  tanks  in  the  precipitate,  and  did  not  exist  in  the  effluents. 
The  tanks,  however,  served  as  a  breeding  place  for  enormous  num- 
bers of  the  species  found  in  the  effluents,  which  were,  presumably, 
non-pathogenic,  for,  so  far  as  we  know,  the  pathogenic  forms  some- 
times found  in  water  are  probably  incapable  of  growing  in  the  condi- 
tions present  in  the  tanks.  The  treatment  may  be  said  to  have  secured 
a  partial  but  probably  very  incomplete  removal  of  objectionable 
bacteria. 

The  Work  op  the  Individual  Tanks. 

The  quantities  of  sewage  treated  and  chemicals  employed  for  each 
tank  during  the  different  periods  and  the  costs  of  the  chemicals  are 
shown  in  the  following  tables :  — 


Period  L    June  10  U 

)  July  7, 1893, 

Efficiency. 

Per  Cent, 
of  Organic 

Matter 
Remored, 
as  shown 

by 
Chemical 
Analysis. 

Suspended 

Matter 
In  Effluent 

Parts  per 
100,000. 

Daily  Quamtitt  of 

Skwaob  Tbkatbd 

IN  0»x  Tank. 

Thousands  of 
Gallons. 

Fob  Omb  Miluov  Uallobs. 

Arerage. 

Maximum. 

Cost  of 

Chem- 

Icala. 

Lime. 
Pounds.* 

Copperas. 
Foonds. 

Alom. 
Pomda. 

rente 
Solphits- 

Ftouk 

Tank  1.      . 
"     2,      . 
"     8,      . 

53t 

62t 

Not  in  op 

eof 

5.7 
6.4 
eration. 
2.8 

608 
608 

466 

800 
692 

«42 

$7  44 
8  17 

10  SO 

762 
412 

666 

616 

766 

- 

Period  IT,    July  8  to  August  4 

K  1898 

• 

Tank  1.      . 

41t 

6.4 

606 

766 

$6  79 

744 

876 

- 

• 

"     2,      . 

46t 

6.7      ! 

608 

740 

7  40 

486 

- 

MS 

- 

-     3,      . 

44t 

6.8      i 

604 

786 

8  21 

7S1 

766 

- 

- 

"     4.      . 

651 

3.8      ! 

1 

464 

612 

920 

026 

Ml 

SM 

r 

*  When  dolomite  lime  was  employed  only  two-thlrds  of  its  wolfbt  to  luwd  Ib  tkli  MM*. 
t  The  peroeouge  purification  indicated  by  these  ficnree  is  too  low^wlBfto  Iko  farHiri 
of  the  sewage  analysed,  already  referred  to  on  pngee  60S,  Mt.    Th*  iBiliaoy  «l  Ikt 


Hon 

whoJe  to  dlseoMed  beyond.   Th4  flgnree  for  each  period,  howevor,  u« 
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Period  III.    Augua  5  to  September  1, 1893. 


EiBdenqr. 

Percent. 
ofOrgmnlc 

Matter 
KemoTed, 
aa  shown 

by 
Chemical 
Analysis. 

Sospended 

Matter 
ln£fflaent 

Parts  per 
lOO/MO. 

Dailt  Quawtitt  ov 

SttWAOB  TacATao 

iM  ONa  Tajik. 

TROUSAXDa  OF 

Oalloks. 

Fox  Ova  MILLIOH  Oalloks. 

Arerace. 

Maxlmam. 

Cost  of 
1  Chem- 
icals. 

Lime. 
Ponndfl.* 

Copperas. 
Pounds. 

Ainm. 
Pounds. 

Ferric 
Sulphate. 

Pounds. 

Tank  1,      . 

41t 

0.6 

008 

800 

$0  71 

1,083 

885 

- 

- 

"     2.      . 

481 

6.0 

000 

808 

7  12 

400 

- 

488 

- 

"     8.      . 

42t 

7.8 

003 

840 

882 

1,008 

071 

- 

- 

••     4.      . 

681 

5.1 

440 

514 

0  70 

1,070 

744 

- 

- 

Period  IV,    September  2  to  September  29^  1893. 


Tankl, 
••  2, 
"  8, 
••     4, 


88t 

5.9 

061 

012 

$7  08 

1,000 

901 

- 

40t 

8.2 

572 

008 

8  70 

520 

- 

645 

80t 

7.1 

005 

042 

8  54 

854 

857 

- 

61t 

4.1 

505 

770 

11  10 

1,278 

820 

- 

175 


Period  F.     September  30  to  October  27, 1893. 


Tankl, 
"  2, 
-  8, 
••     4, 


84f 

7.2 

074 

800 

$0  70 

1,050 

504 

- 

401 

5.2 

5S2 

001 

948 

077 

- 

723 

81t 

5.0 

000 

828 

9  18 

708 

- 

- 

87t 

4.1 

070 

832 

10  82 

1,800 

1,002 

- 

417 


Character  of  the  Sludge. 

The  quantity  of  sludge  pressed  was  estimated  by  weighing  an  occa- 
sional representative  pressing.  No  separate  record  could  be  kept  of 
the  weights  of  sludge  from  the  different  tanks.  Analyses  of  the 
pressed  sludge  were  made  from  time  to  time.  Its  composition  was 
quite  constant,  the  average  result  being  — 

Moisture, 58.0  per  cent 

Dry  matter, 42.0       ^ 

The  dry  matter  contained  -^ 

Ash, 56.6  per  cent. 

Loss  on  ignition  (in  a  radiator), 44.4       ^ 

Fats, 8.2       ** 

*  WWb  dolontte  lime  waa  •mploved  only  two-thirda  of  Ita  weight  la  need  in  thia  table. 

t  Tba pereaotagv parifieatlon  indicated  bv  theae  fignrea ia  too low^owing  to  the  paiHai  aedimenta- 
tkM  of  Um  aewaga  anaJyaad,  already  nferred  to  on  pagM  008,  008.  The  •meiency  of  the  plant  aa  a 
wlioto  to  dlamnad  beyond.   The  flgnrea  for  each  period,  however,  are  comparable  among  themia«V?t%%« 
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During  May  and  June  occasional  **  soft"  pressings  were  obtained, 
which  decreased  the  percentage  of  dry  matter  in  the  total  output. 
The  presses  were  but  rarely  able  to  press  the  sludge  promptly  as 
produced,  and  on  two  occasions,  July  13  and  September  4  to  6,  it 
was  necessary  to  discharge  unpressed  sludge  into  the  lake  to  avoid 
a  nuisance  at  the  works.  There  was  also  a  slight  accidental  dis- 
charge in  October.  The  sludge  was  usually  pressed  without  the  addi- 
tion of  lime.  With  copperas  as  a  precipitant  the  addition  of  lime  to 
the  sludge  had  little  effect  upon  the  rapidity  of  pressing.  With  alum 
as  a  precipitant  the  addition  of  lime  allowed  somewhat  more  rapid 
work,  but  the  same  result  was  obtained  by  mixing  the  sludge  from 
copperas  with  the  alum  sludge. 

The  quantities  of  sludge  pressed  in  the  different  periods  are  shown 
in  the  following  table.  The  table  also  includes  estimates  of  the 
quantity  of  sludge  on  hand  and  of  the  quantity  discharged  into  the 
lake  reduced  to  the  basis  of  pressed  sludge  cake.  These  estimates, 
based  in  part  upon  the  observed  heights  of  sludge  in  the  tanks  at 
different  times,  are  necessarily  only  rough  approximations. 


Summary  of  Sludge  Statistics. 

[In  tons  of  preaeed  aladge.] 


PSBIOD  — 1S9S. 

Quantity 

oiSewase 

Treated. 

Million 
Qalions. 

Sludge 
Pressed. 

Dis- 
charged 
Into  Uke 
Michigan. 

Stock  of 
Unpressed 

Sludge 

on  hand  at 

end<^ 

Period. 

Quantity 

Precipl- 

Uted 

during 

Period. 

Percent 
of  Dry 

Matter  In 
Sludge. 

Tons  Dry 
Matter 

In  Sludge 

Precipe- 

fated. 

Slodfi 

MiittM 

<ialkNii 
,  Sewir- 

1 

April  15  to  June   0, 
June  10  to  July    7, 
July     8  to  Aug.    4, 
Aag.    6  to  Sept.   1, 
Sept.    2  to  Sept.  20, 
Sept.  80  to  Oct.   27, 

47 
52 
03 
71 

eo 

71 

86 
140 
102 
250 
207 
820 

18 

88 

4 

10 
85 
10 
46 

10 
80 

06 
105 
180 
286 
206 
M4 

88 

41 
4S 
48 
40 
88 

80.1 

67.8 

T6.t 

110.7 

118.0 

W.T 

10 
S.S 
8.1 
4.« 
4.S 
4.S 

Totala  and  av*gea. 

373 

1,284 

50 

80 

1,8M 

40 

647.7 

8.S 

Efficiency  of  the  Process. 

As  stated  above,  it  was  found  that  large  quantities  of  insolaUa 
matters  were  removed  from  the  sewage  by  sedimentation  in  tbt 
sewers  l>etween  <*  blows,**  and  when  *<  blows'*  ocoarred  these matten 
were  washed  out,  so  that  the  sewage  at  these  times  was  often  ssTenl 
times  as  concentrated  as  at  other  times.  The  conoentimted  aewage  it 
not  properly  represented  in  the  sewage  samples  taken  fi>r  namiat* 
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tion  owing  to  the  difficulty  or  impossibility  of  getting  samples  at  these 
times ;  or,  in  case  samples  were  taken,  of  determining  what  propor- 
tion of  the  daily  flow  was  of  the  same  character  as  the  samples.  For 
this  reason  the  efficiency  of  the  plant,  as  calculated  from  the  chem- 
ical analyses,  is  considerably  below  the  actual  efficiency.  We  have, 
however,  a  fairly  satisfactory  record  of  the  quantities  of  organic  mat- 
ters in  the  sludge  and  in  the  effluents,  and  by  adding  them  together 
we  can  obtain  an  approximate  estimate  of  the  matters  in  the  sewage, 
which  is  probably  much  more  accurate  under  the  circumstances  than 
the  direct  calculation  from  the  average  analyses. 

Efficiency  of  Precipitation, 

[Bj  four  weeks'  periods.] 


PERIOD. 
180S. 


Arerage 

Qaantlty  of 

8ewage 

Treated 

Daily. 

Thoaaand 
Gallona. 


Tons 

Organic 

Matter  In 

the  Sewage 

CalcDlated 

fh>m 
Analysei. 


Tons 

Organio 

Matter  In 

the  Efflaent. 


Tone 

Organic 

Matter  In 

the  Sladge. 


8am  Total 

Organic 

Matter  in 

the  Sewage. 


Corre- 
sponding 
Percentage 
of  Organio 

Matter 
BemoTcd. 


April  14  to  June   9,  . 

June  10  to  July    7,  . 

July    8  to  Aug.    4,  . 

Ang.    5  to  Sept.  1,  . 

Sept.    2  to  Sept.  29,  . 

Sept.  80  to  Oct.  27,  . 
ToUl,  June  10  to  Oct.  27» 


8S0 
1,8M 
2,261 
2,629 
2,463 
2,641 


62.9 
60.1 
90.6 
94.6 
102.6 


2,330 


410.7 


- 

16.2 

- 

28.6 

80.4 

68.9 

84.8 

84.0 

68.3 

46.8 

63.9 

100.7 

61.1 

63.1 

114.2 

64.6 

68.8 

123.4 

286.3 

280.2 

466.6 

62 
60 
64 

46 
48 


49 


This  calculation  indicates  that  for  the  entire  period  the  error  in 
the  average  analyses  of  the  sewage  was  12  per  cent.,  but  that  during 
the  first  part  of  the  time,  when  **  blows"  were  less  frequent  the 
error  was  less  and  for  the  last  two  months,  with  almost  continual 
*•  blows,"  the  error  was  greater. 

The  calculation  shows  that  as  a  result  of  the  operation  of  the  works 
for  the  twenty  weeks  for  which  complete  data  are  available,  sub- 
stantially one- half  of  the  total  organic  matters  of  the  sewage  was  re- 
moved by  the  precipitation.  This  efficiency  is  slightly  less  than 
was  indicated  for  the  Worcester  plant  by  the  examination  of  the 
Massachusetts  State  Board  of  Health  in  1891,*  and  is  less  than  we 

*  Annoal  Report,  1801,  page  267.  [Daring  this  examination,  which  was  made  for  the  week  ending 
Jaly  29, 1891,  the  average  amount  of  organic  matter  removed  from  the  Worcester  sewage  was  66  per 
MOt.  Since  Mr.  Hazen's  paper  waa  written,  the  annual  report  of  the  snperintendent  of  sewers  of  the 
«lty  of  Woroetter  for  1898  has  been  issaed,  and  extracts  from  it  may  be  found  on  pages  343-346  of  this 
voiBBM.  Am  thwe  slated,  tiM  average  amount  of  organic  matter  removed  from  the  sewage  from  July 
19  to  Doe.  1|  1898,  waa  about  60  per  eent.   Eo.J 
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had  hoped  to  obtain.  The  experiments  made  at  Lawrence  in  1889* 
had  indicated  that  chemical  precipitation  might  remove  as  much,  as 
60  per  cent,  of  the  total  organic  matter  of  the  sewage. 

The  above  calculation  includes  practically  the  whole  operation  of 
the  plant,  with  all  the  conditions  as  they  actually  existed.  Some 
of  the  unfavorable  conditions  which  have  been  mentioned  could 
hardly  have  been  anticipated,  and  in  a  permanent  plant  would  have 
been  rectified ;  but  there  was  no  opportunity  for  changes  in  the 
short  time  that  the  plant  was  operated  in  Chicago.  With  the  single 
exception  of  the  test  of  the  Worcester  plant  for  one  week,  men- 
tioned above,  I  do  not  know  of  any  results  which  can  be  fairly  com- 
pared with  these,  as  it  is  manifestly  unfair  to  compare  the  entire 
operation  of  one  plant  with  a  single  set  of  analyses  from  another 
plant,  taken,  perhaps,  under  the  most  favorable  conditions  possible; 
and  it  must  be  admitted  that  our  knowledge  in  regard  to  the  total 
result  of  the  operation  of  other  chemical  precipitation  works  is 
extremely  limited. 

The  erroneous  impression  which  may  result  from  a  single  set  of 
analyses  was  well  illustrated  by  the  analyses  of  sewage  and  of  efflu- 
ents from  the  Chicago  works  taken  at  noon,  August  14,  when  the 
sewage  had  reached  its  full  strength,  but  while  the  elQuent  was 
mainly  from  the  diluted  sewage  of  the  preceding  night.  The  results 
of  these  analyses  indicated  that  88  per  cent,  of  the  organic  matters 
of  the  sewage  had  been  removed,  and  were  of  course  entirely  mis- 
leading. 

The  disappointingly  low  efficiency  of  the  plant  is,  I  believe,  to  be 
attributed  solely  to  the  unfavorable  conditions  for  sedimentation 
present  in  the  tanks.  The  violent  fluctuations  in  the  flow,  indeed, 
made  it  impossible  to  apply  the  chemicals  to  the  sewage  with  tbtt 
regularity  which  is  necessary  for  the  best  results,  and  the  agitation 
of  the  sewage  in  passing  from  the  outlet  of  the  sewer  to  the  settling 
tanks  was  such  that  minute  air-bubbles  were  constantly  inclosed  in 
the  precipitate,  often  causing  it  to  rise  at  first  instead  of  sinking ;  but 
in  spite  of  these  minor  difficulties  I  believe  comparatively  good  results 
would  have  been  obtained  had  better  opportunities  for  sedimentation 
been  present.  This  is  strongly  suggested  by  the  record  of  Tank  4, 
which,  during  the  first  three  periods,  was  protected  from  the  exces- 
sive flows  at  the  times  of  *  *  blows  "  by  sending  the  extra  volume  throogli 


•  Special  Report  of  the  MtMachasetU  State  Board  of  Health  oa  FfuUUtMom  «l 
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the  other  tanks,  and  it  so  received  a  somewhat  smaller  and  very  much 
steadier  flow.  While  the  tank  was  so  operated  it  constantly  gave  a 
very  much  better  efliuent  than  the  other  tanks,  and  for  the  whole 
period  averaged  a  removal  of  58  per  cent,  of  the  organic  matters  of 
the  sewage  passing  through  it  at  an  average  daily  flow  of  456,000 
gallons,  while  all  the  other  tanks  for  the  same  time  removed  only 
ahout  50  per  cent,  of  the  organic  matters,  with  average  flows  of 
635,000  gallons  daily. 

The  prejudicial  effect  of  these  excessive  flows  for  short  periods  is 
believed  to  be  mainly  due  to  the  general  stirring  up  which  they  gave 
to  the  contents  of  the  tanks.  They  did  not  last  long  enough  for  any 
of  the  sewage  coming  in  them  to  pass  through  the  tanks  before  the 
ordinary  rate  was  restored.  The  sloping  surfaces  of  the  bottoms  of 
the  tanks  were  always  covered  with  more  or  less  sludge,  which  was 
apparently  to  some  extent  loosened  and  mixed  again  with  the  sewage 
at  these  times,  and  did  not  again  completely  settle  back,  but  was 
instead  carried  out  by  the  efliuent,  reducing  seriously  the  total 
eflBciency. 

It  was  shown  by  several  series  of  chlorine  determinations  that  the 
incoming  sewage  did  not  with  any  regularity  displace  the  sewage 
previously  in  the  tanks,  but  to  a  very  large  extent  mixed  with  it,  and 
a  fraction  of  it  appeared  in  the  efliuent  almost  at  once,  long  before 
the  displacement  equalled  the  capacity  of  the  tank.  This  tendency 
may  have  been  increased  by  the  irregularities  of  the  flow,  as  it  un- 
doubtedly was  by  the  variations  in  the  temperature  of  the  sewage.  It 
was  repeatedly  observed  that  the  turbidity  of  the  effluents  increased 
very  much  in  the  latter  part  of  the  afternoon,  often  being  two  or 
three  times  as  great  at  five  o'clock  as  at  noon ;  and  it  was  thought 
possible  that  the  slightly  increased  temperature  of  the  afternoon 
sewage  might  have  caused  it  to  come  at  once  to  the  top  and  flow  out, 
leaving  the  colder  night  and  morning  sewage  in  the  tanks,  or  it 
may  have  been  simply  the  effect  of  the  continued  higher  flow  during 
the  hours  in  the  middle  of  the  day  which  brought  this  suspended 
matter  to  the  top  only  after  continuing  for  some  hours. 

The  slowness  with  which  the  sludge  was  removed  from  the  tanks 
undoubtedly  contributed  its  share  to  the  imperfect  results,  although 
it  must  be  said  that  sludge  was  also  present  in  Tank  4  when  it  was 
doing  uniformly  excellent  work  with  a  limited  flow.  The  sludge 
which  settled  on  the  conical-shaped  bottoms  of  the  tanks  did  not  of 
itself  settle  to  the  point  of  the  cone,  but  required  to  be  pushed  down 


612  STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 

at  intervals  of  two  or  three  days  by  a  heavy  weight  which  was 
pulled  back  by  means  of  an  attached  rope.  The  fact  that  the  lower 
plates  overlapped  the  upper  and  were  secured  by  a  row  of  heavy 
projecting  rivets,  making  ledges  at  every  joint,  may  have  had  some- 
thing to  do  with  the  failure  of  the  sludge  to  slide.  The  filter  presses, 
although  their  capacity  was  continually  increased  as  improvements  in 
details  of  construction  and  operation  were  effected,  only  removed  the 
sludge  so  slowly  that  there  was  hardly  a  time  during  the  whole  oper- 
ation of  the  plant  when  there  was  not  sludge  waiting  to  be  pressed. 
At  times  the  quantity  so  held  became  troublesome  by  decompos- 
ing, and  on  two  occasions,  as  has  already  been  stated,  it  was  neces- 
sary to  discharge  some  of  it  unpressed  into  the  lake  to  avoid  a 
nuisance  at  the  works.  There  was  always  plenty  of  sludge  on  the 
bottoms  and  sides  of  the  tanks  to  be  washed  out  when  the  occasion 
was  favorable. 

Summary. 

In  an  experimental  way  the  sewage  cleansing  works  of  the  World's 
Columbian  Exposition  have  served  to  indicate  some  of  the  peculi- 
arities of  the  form  of  settling-tank  used,  and  have  clearly  defined 
some  forms  of  construction  which  should  not  be  repeated. 

In  a  practical  way  they  succeeded  in  holding  back  from  Lake 
Michigan  thirteen  hundred  tons  of  sludge  removed  from  the  sewage 
treated,  and  containing  two  hundred  and  fifty  tons  of  actual  organic 
matters.  They  prevented  the  sewage  from  making  a  nuisance  along 
the  lake  front  such  as  often  resulted  from  one  of  the  city's  sewers 
discharging  untreated  sewage  just  north  of  the  grounds,  and  tbey 
reduced  the  danger  of  infection  of  the  water  drawn  from  the  Hyde 
Park  intake  and  supplied  to  the  fair  grounds  and  to  the  southern 
part  of  the  city  of  Chicago. 

As  an  object  lesson  to  thousands  of  visitors  they  have  given  new 
ideas  as  to  the  possibility  and  necessity  of  sewage  treatment  and  as 
to  modern  methods  of  securing  the  cleanliness  of  the  waters  on  which 
many  cities  and  towns  are  located. 
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APPENDICES. 


APPENDIX    I. 

Showing  Binly  Vntume  of  Sewoffe  in  Tkouaandi  of  OaOont. 
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3.8H 

w. 

va 

UlT 

3,UI 

J,»T 

1,M0 

3.M1 

« 

WI 

1,MI 

S,T« 

a,»i 

a,M» 

S,7M 

II 

an 

IJKl 

3fia 

I,T»4 

a,s» 

1.040 

K 

B13 

I,MO 

ifiK 

%«M 

»,*ai 

1,803 

B 

IJIM 

va 

VM 

I.TJ* 

2,3« 

a.TM 

I,T«I 

s,o« 

a,io« 

4M9 
IJMO 

liaoo 

2,814 

». 

ml 

t,D4« 

s,sn 
3.Ma 

1.MI 

Mio 

a,4M 

1,IM 

M, 

1.01T 

3,«3B 

1,»M 

t,Ul 
1.BT8 

I,BU 
S.IU 

9.BU 

i,ots 

S,30I 

i.m 

Totil* 

M.MU 

W,6§3 

I7.4W 

M,l4a 

T7,m 

A»r.a-.      -       ■       . 

iJO! 

WW 

2,W 

iMt 

a.»a 
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APPENDIX   II. 


Hkowing  Percentages  of  Total  Daily  Volume  for  the  Different  Hours  of  the  Day. 


HOUB  EXDINO  AT  — 

M«7. 

Jane. 

Jaly. 

Aofnkt. 

September. 

October. 

Whoi, 
TUB* 

1a.m.,         .        .        .        . 

2.0 

8.1 

3.0 

8.1 

2.7 

3.0 

8.0 

2    •• 

2.2 

8.8 

8.1 

8.2 

2.6 

2.0 

8    " 

2.6 

8.2 

2.0 

8.0 

2.1 

2.8 

4    •• 

2.8 

2.7 

8.0 

8.0 

3.1 

2.9 

6    " 

2.6 

2.8 

2.9 

8.0 

2.9 

2.9 

6    •• 

2.9 

8.6 

2.9 

2.9 

1.8 

3.0 

7    •• 

8.7 

2.6 

2.8 

8.0 

8.2 

2.8 

8    •*     . 

8.6 

8.2 

8.0 

2.9 

8.6 

S.S 

9    •• 

4.8 

8.8 

8.7 

4.0 

8.6 

3.8 

10    •• 

6.3 

4.6 

4.8 

4.6 

4.7 

4.6 

11    •• 

6.5 

4.8 

4.7 

6.0 

6.4 

4.9 

12  m 

4.7 

4.6 

6.2 

6.0 

6.6 

5.1 

IFM.f            •          •          • 

6.4 

6.4 

6.4 

6.8 

6.8 

5.6 

2    •• 

6.7 

6.8 

6.2 

6.9 

6.6 

5.7 

S    " 

6.8 

6.6 

6.6 

6.8 

6.9 

5.7 

4    •• 

6.7 

6.1 

6.4 

6.6 

7.0 

5.1 

5    •• 

6.2 

6.6 

6.6 

6.6 

6.2 

5.1 

6    " 

4.7 

6.6 

6.9 

6.6 

6.8 

5.7 

7    " 

4.0 

6.8 

4.0 

6.6 

6.2 

».l 

8    " 

8.7 

6.1 

4.9 

4.0 

4.0 

4.6 

»    " 

8.3 

4.2 

4.1 

3.6 

8.8 

4.0 

10    •• 

8.1 

8.7 

8.8 

8.8 

8.6 

J.7 

11    •« 

3.1 

8.1 

8.1 

8.6 

8.2 

S.1 

12    •• 

2.9 

2.8 

4.2 

8.6 

2.6 

3.S 

ToUl»,   .... 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 
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APPENDIX  III. 


Showing  the  Number  of  **  Blows^^  on  each  Day.  The  actual  Number  of  Blows  is 
recordfidf  except  thai  when  they  occurred  at  very  frequent  intervcUs  for  a 
Number  of  Hours  in  succession^  the  Number  of  Hours  has  been  substituted 
for  the  Number  of  Blows, 


DAT  OF  MOMTH  — 1898. 

1 

2 

3 

4l  •  •  «  • 

ft 

« 

7.  .... 

8.  .        .        .        . 
»,  .... 

10,  .... 

11 

U.  .        .        .        . 

1S|  .... 

14,  .... 

16 

10,          .... 
IT 

M 

1» 

» 

«1 

» 

» 

H,  .        .        .        . 

»,  .... 

28,  ...        . 

« 

» 

» 

M,  ■  •  ■  • 


ApriL 


May. 


June. 


Jolj. 


Aogait. 


September. 


October. 


- 

2 

0 

- 

0 

0 

- 

0 

8 

- 

0 

4 

- 

0 

1 

- 

0 

0 

2 

- 

0 

0 

0 

- 

0 

0 

2 

• 

1 

0 

1 

- 

0 

0 

0 

- 

1 

0 

1 

- 

10 

0 

7 

- 

m 

10 

0 

6 

1 

0 

2 

0 

2 

0 

2 

4 

1 

0 

2 

10 

• 

5 

1 

0 

4 

3 

8 

2 

0 

8 

0 

4 

2 

5 

4 

1 

0 

2 

10 

0 

0 

1 

6 

2 

7 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

2 

4 

3 

0 

5 

2 

0 

4 

0 

8 

10 

3 

6 

10 

0 

6 

0 

0 

1 

0 

- 

4 

- 

3 

0 

4 
8 
2 
4 
0 
0 
4 
10 
80 
10 
8 
8 
6 
7 
0 
4 
0 

a 

0 

1 

0 
8 
0 
0 
8 
8 
2 
8 
10 
0 


8 
4 

12 
2 
1 
8 
4 
0 
4 
8 
6 
2 
0 
0 
0 
4 

12 

16 
0 

11 
8 
ft 
6 

15 

13 
5 
0 
7 
8 

11 
8 
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APPENDIX   IV. 


Showing  Hourly  Variation  in  Temperature  oj  8eu>age, 

[Average  temperature  (in  Centlgnule  degreea)  of  Mwage  at  the  dlifefeot  hoar*  of  the  daj  ftor  period*  of 

ten  coneecntlTe  d«ya.] 


HODR. 

Sept.  Ifi 

to 
Sept.  M, 

ISSS. 

Oct  1 

to 
Oet  10, 

ISSS. 

Oet  14 

to 
Oet.9l, 

1SS8. 

▲▼erafe 

SS 
Daja. 

Abeve 
MtelMa 
AT«n«a 

12.30  A-M.,  . 
1.80,  . 


2.80. 


8.80,  . 

4J0,  . 

5.80,  . 

OJO,  . 

7.80,  . 

8.80,  . 

9J0,  . 

lOJO,  . 

IIJO,  . 
12.30  PJI., 

IJO,  . 

2.80,  . 

8.80,  . 

4J0.  . 

6.30,  . 

6.80,  . 

T.80,  . 

8.30,  . 

OJO,  . 

lOJO,  . 

11.80,  . 


21.82 
21.06 
21.01 
21.10 
21.04 
21.18 
21.88 


21.16 
21.17 
21.lt 
21.88 
21.27 
21.19 
21.22 
21.22 
21.88 
21.87 
21.44 
21.20 
21.26 
21.2B 
21.21 
21.08 


17.28 
17.31 
17.21 
17.00 
10.90 
10.96 
16.86 
16.98 
17.16 
17.26 
17.a 
17.60 
17.60 
17.68 
17.70 
17.66 
17.61 
17.64 
17.66 
17.88 
17.tt 
17.64 
17.88 
17.81 


14.88 
14.24 
14.16 
14.09 
14.00 
18.91 
18.79 
14.06 
U.96 
14.tt 
14.86 
14.» 
14.69 
14.86 
14.78 
14.92 
14.70 
14.76 
14.40 
14.41 
14.89 
14.66 
14.68 
14.29 


17.64 
17.68 
17.46 
17.42 
17.81 
17.86 
17.84 
17.80 
17.48 
17.02 
17.66 
17.89 
17.79 
17.89 
17.88 
17.98 
17.90 
17.92 
17.80 
17.66 
17.09 
17.88 
17.89 
n.66 


0.84 

0.2S 

0.16 

O.U 

0.01 

O.06 

0.0« 

0.69 

O.U 

041 

0.8» 

O.W 

0.« 

O.W 

0.11 

0.« 

0.« 

0.« 

0.M 

0.11 

6JI 

0.11 

OJI 

o.« 


No.  34.]     SEWAGE  DISPOSAL  AT  WORLD'S  FAIR.        617 


APPENDIX    V. 


Showing  Hourly  Range  in  the  Chlorine  of  the  Sewage  and  Effluents, 

[AToraga  ctalorlna  in  sewaga  or  efflnent  at  tha  different  taoura  for  four  or  five  conaeeuUve  days.] 

[ParU  par  100,000.] 


HOUB. 

Sewage 
May  0  to  13, 

18M. 

Sewage 

May  80  to 

June  2, 

1S93. 

Efllnent 

Tank  2, 

Mi^aoio 

Jane  2, 

1S»3. 

Sewaae 

AnguttSlto 

Auguftt  26, 

1(193. 

EfBoent 

Tank  1, 

August  21  to 

August  26, 

1393. 

12P.M 

4.04 

8.66 
6.87 
8.87 

6.08 
6.04 
6.10 

8.42 
1.27 
0.86 

7.84 

8  A  M 

1.73 

6.36 

6    •• 

1.28 

6.10 

8    •• 

0.83 

- 

- 

2.47 

4.69 

9    •• 

0.06 

0.07 

6.08 

4.80 

4.11 

10    •• 

0.96 

1.86 

6.00 

6.66 

8.06 

U    " 

1.27 

2.01 

6.68 

6.18 

4.11 

12  M« 

2.24 

7.76 
7.28 

6.86 
6.28 

7.18 
6.20 

4.18 

lPJf.» 

2.68 

6.01 

f        •• 

8.70 

8.60 

6.82 

7.74 

4.46 

8    •• 

4.86 

7.60 

6.89 

7.16 

6.17 

4    "            

6.61 

0.24 

6.47 

7.24 

6.68 

6    «• 

6.66 

7.80 

6.67 

7.06 

6.67 

6    - 

6.26 

7.87 

6.66 

7.46 

7.14 

9    •• 

4.00 

9.36 

6.97 

8.42 

7.89 

12    •« 

4.04 

8.66 

6.08 

•• 

8.42 

7.76 

ATorage  dally  flow  of  towage  aati- 
mated  at 

760,000 

1.160.O0O 

2,704,000 

It  is  seen  that  with  the  low  flow  in  May  the  day  sewage  was  being 
slowly  forced  out  of  the  sewers  all  through  the  night.  During  the 
forenoon  nothing  but  slightly  dirty  water  was  received,  and  at  about 
noon  the  morning  sewage  first  made  its  appearance  at  the  works. 
In  August,  with  three  times  as  great  a  flow,  the  morning  sewage 
was  noticeable  as  early  as  eight  o'clock,  and  at  nine  it  had  become 
quite  concentrated.  Afterward  it  slowly  increased  in  strength  until 
nine  in  the  evening,  after  which  the  sewage  was  rapidly  displaced  by 
clear  water,  and  from  midnight  until  morning  very  little  sewage 
matter  was  received. 
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APPENDIX   VI. 

BampUt  of  Sewage  and  Effluent  taken  at  Noon  when  the  Sewage  had  reached  it* 
full  Concentration  and  while  the  Effluent  wa»  derived  Jrem  the  Dilute  Sewage 
of  the  Preceding  Night. 

[PuM  p«r  IMptn.] 


.06  d.to    19.4  11. 


o.s  ^.oa  9.U 


•  DMamlMd  ttua  fllmtlOD  (hi«B|h  lllMrfapar. 


APPENDIX    VII. 


Attendance  at  the  Fair  in  eomparieon  with  the  Votumeqf  8 
produced.' 


amcL 

of 

Ap™i 

■An  Amn 

,.«,..„,..«.». 

sssr 

Ifo-i— I«M. 

S; 

Wortiam. 

■;sr 

a,}.,     .     . 

»,7W 

I,lll» 

4M 

4U 

I,M1 

i(.a 

U.1 

Jbm,     .       . 

tun 

s,m 

m 

SM 

MT» 

is.t 

».! 

Jolj.       .       . 

a.m 

i.T«i 

lAU 

W 

4^ira 

1«.S 

n.* 

A«fu.l,.        . 

7T.WS 

S.l>lfi 

1,111 

*,«T 

!•.( 

tl.4 

Ta.T« 

4.»W 

1.1W 

• 

MM 

lt.( 

IM 

OetolHr,        . 

77,t;i 

a,B«« 

MM 

- 

i^m 

S.T 

a-t 

Touli  »d 

37t,11t 

„,», 

fl.07I 

Mt 

UAH 

n.i 

1T.t 

■wit*  i'*MlT«d  M  Uw  siMiMlBK  w«rk*  wu  (ton  JiahMi  Pirk  oalri  tfe*  HMa 
o  ctij  Mw«n,  tnd,  u  llw  Muiulue*  Inoladtd  both  jHkHo  Paifc  lad  tb«  P 
r  thli  caJeutulon  w  Hllmiu  tha  qnaBttty  of  M 
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APPENDIX   VIII. 

Showing  the  Quantities  of  Various  Substances  and  the  Number  of  Bacteria  in  the 
Sewage  for  Each  Person  admitted  to  the  Fair  Grounds. 


lf05TH  — 1803. 


Stwan 
per  Penon. 

Oallona. 


8«waire 
per  Person. 

Liter*. 


Chlorine 
per  Person. 

Orams. 


MitroRen  In 
Free 

Ammonia 
per  Person. 

Grams. 


Nitrogen  In 

Albuminoid 

Ammonia 

per  Person. 

Grams. 


ToUl 

Nltrofen 

per  Person. 

Grams. 


Bacteria  In 

Billions 
per  Person. 


Jane, 

16.3 

July, 

22.0 

Angnat,    . 

21.4 

September, 

16.8 

Octol»er,  . 

12.6 

Averages,  . 

17.7 

62 
84 
81 
62 
48 


8.68 
4.20 
4.40 
8.40 
2.78 


2.06 
2.42 
2.71 
8.00 
2.38 


67 


3.71 


2.M 


.61 
.68 
.68 
.68 
.48 


.68 


8.07 
8.48 
8.07 
4.08 
8.10 


8.66 


260 
284 
866 
166 
106 


232 


APPENDIX    IX. 

Showing  Quantity^  Composition  and  Cost  of  Chemicals  used  in  Precipitation^ 

1.    Sulphate  of  Aluhina. 

[From  BoBiBT  Stxtiksom  &  Co.,  Chicago.] 

Cost,  in  barrels, 147  00  a  tOD. 

Analysis, 

Insoluble  in  water, 06  per  cent 

Alumina 15.64       '' 

Ferric  oxide, 60       " 

Sulphuric  acid, 84.88       " 

Moisture  and  undetermined, 48.92       *' 

IT.    Sulphate  of  Alumina. 

[From  MiBBiMAO  Chimical  Compant,  Boston  ] 

Cost,  in  bulk, f  20  40  a  ton. 

Analysis, 

Insoluble  in  water, 6.11  per  cent. 

Alumina, 18.17       " 

Ferric  oxide, 1.81       " 

Sulphuric  acid, 82.66 

Moisture  and  undetermined, 46.75       '* 

Taking  into  account  the  difference  in  analyses  the  first  sample  was 
twice  as  expensive  as  the  second. 

*  Th«  eo«t  loolndM  freight  to  jMkson  Pmrk  in  each  case. 
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III.    Copperas. 

[Prom  Waihburn  ft  Moin,  WftakegftD»  III.] 

Cost,  in  bulk |18  40  a  ton. 

Analysis, 

Insoluble  in  water, 0.24  per  cent 

Ferrous  oxide, 26.21 

Sulphuric  acid, 28.50 

Moisture  and  undetermined, 46.05       " 


4t 


u 


IV.    Crude  Ferric  Sulphate. 

[Prom  JoBBiNi  k,  Van  Rtmbbcxs,  Aaron,  III.] 

Cost,  in  barrels, $32  00  a  ton. 

Analysis, 

Insoluble  in  water, 12.00  per  cent 

Feme  oxide, 22.76 

Sulphuric  acid, 45.00 

Idoisture  and  undetermined, 20.21       ** 

V.  Lime. 

[From  Chicago  Union  Lixi  Company  ] 
Cost,  in  barrels,  t0.60  a  barrel  of  200  pounds,       .        .    (6  00  a  ton. 

Analysis, 

Insoluble  in  acid, 0.10  percent. 

Alumina  and  ferric  oxide, 1.00       ** 

Calcium  oxide, 57.10       *• 

Magnesium  oxide, 38.60       ** 

Water,  carbonic  acid  and  undeteiiuined, .        .        .        .3.20       •• 

Lime  soluble  in  water, 55.01       ** 

VI.  Limb. 

[Prom  Hannibal  Limb  Co.,  Hftnolbftl,  Mo.] 
Cost,  in  barrels,  fO.75  a  barrel  of  about  170  pounds,     .    18  80  a  ton. 
Cost,  in  bulk,  to. 22  a  bushel, 6  50    ** 

Analysis, 

Alumina  and  ferric  oxide, 1.50  per  cent 

Calcium  oxide 95.00       ** 

Water,  carbonic  .acid  and  undetermined,         .        •        .      8.50       ** 

Lime  soluble  in  water, 93.00      ** 

Even  at  the  higher  price  paid  for  the  Hannibal  lime  it  was  t  IDQ<^ 
more  economical  lime  to  use  on  account  of  the  much  higher  peroeirt' 
age  of  available  lime.  The  magnesia  present  in  the  local  lioM  H 
without  value  in  sewage  treatment;  it  simply  adds  itself  to  tlii 
sludge. 
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ig  the  first  weeks  an  attempt  was  made  to  apply  chemicals 
■oportioii  to  the  flow  of  aewoge  without  having  any  fixed  schedule, 
;  the  plan  proved  to  he  too  complicated,  with  the  four  sets  of 
uicals  for  the  four  tanks,  each  of  which  required  separate  regula- 
,  particularly  during  those  hours  when  it  was  impracticable  for 
er  myself  or  my  assistant  to  closely  supervise  the  operation,  and 
after  a  liltle  while  the  following  arrangement  was  made  and  worked 
very  satisfactorily :  a  schedule  was  prepared  showing  the  quantity 
of  alum,  copperas,  or  ferric  sulphate  to  he  dissolved  for  each  tank 
at  7.30  A.M.,  3.30  and  11,30  p.m.  The  men  on  each  shift  com- 
menced work  half  an  hour  earlier  than  these  times.  Each  man 
weighed  the  quantities  of  chemicals  shown  by  the  schedule  into  the 
respective  tanks  used  for  this  purpose  and  dissolved  ihem  in  a  tank 
full  of  water,  using  at  first  steam,  and  in  the  summer  after  the  water 
became  warmer,  compressed  air  to  thoroughly  stir  up  the  contents  of 
the  tanks.  The  solutions  so  prepared  were  allowed  to  How  into  tha 
sewage,  varying  the  rates  with  changes  in  the  flow  of  sewage  as  well 
as  possible,  but  in  such  a  way  as  to  make  the  solution  last  through 
and  yet  be  exhausted  at  the  expiration  of  the  eight  hours'  shift.  The 
lime  schedule  was  arranged  somewhat  differently.  The  lime  waa 
always  slaked  in  barrel  lots,  and  the  schedule  showed  the  hours  at 
which  lime  was  to  be  added.  Each  lot  was  made  to  last  until  the 
next  lot  was  slaked,  varying  the  flow  with  the  flow  of  sewage  as  far 
as  possible  within  that  time. 

A  constant  stream  of  water  was  kept  running  through  the 
box  in  use  to  stir  op  and  wash  out  the  lime  as  required.  Water  from' 
a  tap  instead  of  sewage  was  used  both  for  this  purpose  and  for  dis- 
solving the  other  chemicals,  on  account  of  the  practical  difficulty  of 
regulating  a  small  stream  of  sewage  with  the  slight  bead  available. 
Putting  the  chemicals  into  the  sewage  at  four  points  instead  of  one, 
eo  reduced  the  quantity  and  the  How  of  water  required  to  carry  the 
chemicals  at  each  point,  that  when  sewage  was  used  for  mixing  the 
chemicals  the  gates  were  continually  becoming  stopped  with  sewage 
matters.  The  quantity  of  water  used  for  dissolving  the  alum,  cop- 
peras and  ferric  sulphate  was  about  six  thousand  gallons  daily;  the 
quantity  used  for  carrying  the  lime  may  be  roughly  estimated  at  from 
twenty  to  forty  thousand  gallons, 

The  schedules  of  chemicals  were  arranged  to  make  the  quantities 
employed  on  the  different  shifts  approximately  proportional  to  the 
quantities  of  sewage,  some  allowance  being  made^  howevet,  Cqi;  Uu& 


* 


I 
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more  dilute  sewage  during  the  night.  Usually  the  ssme  quantities 
of  chemicals  were  used  through  one  week,  except  that  as  a  rule  only 
half  as  large  a  quantity  was  required  on  Sunday,  while  on  specini  days 
the  quantities  were  increased.  With  cojipenia,  as  much  lime  was 
ordinarily  used  as  would  give  a  strong  reaction  with  phenolphtbaleio 
in  the  effluent.  With  ferric  sulphate  and  alum  the  quantity  of  lime 
used  was  less  and  was  added  more  to  give  a  sludge  which  could 
be  easily  pressed  than  with  reference  to  the  effluent,  as  sewage  is 
sufficiently  alkaline  to  decompose  these  salts  without  the  use  of  lime. 
Variations  in  the  quantities  of  sewage  necessitated  very  frequent 
changes  in  the  chemical  schedules,  and  the  proportiooa  of  the  total 
quantities  u^ed  on  the  different  shifts  were  also  varied  to  meetchang- 
ing  conditions.  In  calculating  the  cost  of  chemicals  the  weights  in 
the  note  books  have  been  taken,  and  these  weights  in  all  cases  foot 
up  somewhat  differently  from  the  weights  bought,  the  error  usually 
being  under  3  per  cent.,  sometimes  in  one  direction,  sometimes  in 
the  other.  During  the  first  i)art  of  the  time  when  Alum,  I.  and  Lime, 
y.  were  being  used,  the  costs  were  very  much  higher  than  for  cor- 
responding quantities  of  Alum,  II.  and  Lime,  VI.  During  two  weeks, 
one  ending  July  14  and  the  other  September  8,  the  amount  of  liow 
used  was  limited  by  the  stock  on  hand. 
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^B                             Distribution  of  Mineral  Matters.               fl^^^^^^J 
The  following  table  cootains  calculations  of  the  quantities  of  mia- 
enil  ruHlters  in  the  sewage,  chemicals  employed,  atutlge  and  effluent 
Cur  the  difiereut  periods.     Without  discussing  in  detail  the  method 
of  calculation,  it  may  he  stated  that  it  is  estimated  that  each  hun- 
dred pounds  of  lime  employed  adds  one  hundred  and  seventy  pounds 
to  the  mineral  mutters  of  either  the  sludge  or  of  the  effluents,  and 
that  one  hundred  pounds  of  the  other  chemicals  add  tifty-thiee  pounds 
ID  the  same  way. 
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The  excess  of  mineral  matters  in  the  sludge  and  effluent  is  to  he            i 
■ttrihuted  to  the  same  causes  as  the  excess  of  organic  matters,  but 
the  discrepancy  is  less,  owing  to  the  small  quantity  of  insoluble  mic- 
eral  matters  in  the  sewage. 
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APPENDIX    XL 

Cost  of  Construction  and  of  Operation  of  Sewage  Cleansing  Works. 

The  cost  of  construction  of  the  sewage  cleansing  works  was  about 
$55,000,  of  which  more  than  $20,000  was  for  the  building.  The 
approximate  costs  of  operation  for  different  periods  are  shown  in  the 
following  table,  in  which  the  expenses  are  distributed  as  well  as 
possible  between  the  treatment  of  the  sewage  and  the  pressing  of 
the  sludge.  The  figures  do  not  include  the  cost  of  su|)erintendence, 
the  cost  of  the  chemical  laboratory,  or  the  cost  of  burning  the  sludge, 
which  was  done  at  an  Engle  crematory. 


April  U 

to 
Jane  9. 

Jane  10 

to 
JalyT. 

JDI78 

to 
Aug.  4. 

Aag.5 

tu 
Sept.  1. 

Sept  3 

to 
Sept.  29. 

Sept.  80 

to 
Oct  27. 

Tout 
Apmil 

to 
OetJI. 

Coflt  of  chemlcali,  . 

$840 

$442 

$477 

$602 

$004 

$041 

$8,4«T 

Labor  applying  chemicals,    . 

216 

201 

217 

217 

217 

290 

1,8»7 

Total  cost  of  precipitation, 

$1,065 

$708 

$094 

$779 

$821 

$872 

$4.9M 

Coat  of  fuel  oil,      . 

e&o 

412 

428 

878 

414 

8S1 

2.012 

Labor  on  engine  and  pressea. 

1,690 

1,021 

1,018 

1,012 

902 

1,068 

0,071 

Total  cost  of  pressing, 

$2,-^9 

$1,438 

$1,441 

$1,895 

$1,870 

$1,889 

•».« 

Total  cost  of  operation, 

3,304 

2,180 

2,186 

2,174 

2,197 

2,201 

14.907 

Million  gallons  sewage  treated, 

47 

62 

03 

71 

09 

71 

873 

Tons  sludge  cake  pressed,    . 

86 

140 

192 

250 

297 

820    . 

1.2M 
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MAEY  OF  THE  WEEKLY  MORTALITY  REPORTS 
FROM  CITIES  AND  TOWNS. 


is  summary  comprises  the  returns  of  deaths  made  at  the  eud  of 

week  by  the  town  clerks,  city  registrars  and  other  officials  hav- 

1  charge  the  vital  statistics  of  cities  and  towns. 

ese  returns  are  compiled  each  week  and  published  as  a  bulletin, 

opy  of  which  is  sent  to  each  city  and  town  in  the  State. 

ese  reports  are  necessarily  incomplete  since  they  are  voluntary , 

omprise  the  mortality  statistics  of  a  part  of  the  population  only, 

sporting  places  being  chiefly  the  cities  and  large  towns. 

e  estimated  population  of  the  cities  and  towns  contributing  to 

^turns  of  1893  was  about  1,460,000,  or  about  60  per  cent,  of 

)tal  population  of  the  State. 

e  data  embraced  in  this  summary  are  the  following :  — 

Average  height  of  barometer  for  each  week. 

Mean  or  daily  maximum  temperature. 

Mean  or  daily  minimum  temperature. 

Rainfall  expressed  in  inches. 

Total  deaths  reported  for  each  week. 

Deaths  of  children  under  five  years. 

Deaths  from  infectious  diseases. 

Deaths  from  consumption. 

Deaths  from  acute  lung  diseases. 

Deaths  from  typhoid  fever. 

Deaths  from  diaiThceal  diseases. 

Deaths  from  scarlet-fever. 

Deaths  from  measles. 

Deaths  from  diphtheria  and  croup. 

Deaths  from  puerperal  fever. 

Deaths  from  whooping-cough. 

Deaths  from  malarial  fever. 

Deaths  from  small-pox. 

Deaths  from  ei-ysipelas. 
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Total  Deaths. 

The  whole  number  of  deaths  reported  for  the  year  1893  from  the 
cities  and  towns  contributing  to  these  reports  was  30,247,  and  the 
average  number  per  week  was  582.  The  greatest  number  of  deaths 
reported  in  a  single  week  was  788  in  the  week  ending  July  29,  and 
the  least  number  was  427  in  the  week  ending  June  24. 

The  weekly  average  number  of  deaths  reported  for  each  month 
was  as  follows  :  — 


January, 
Februaiy, 
March, 
April, 
May,  : 
June, . 


676 

July,  .... 

56S 

591 

August, 

708 

621 

September, 

574 

622 

October,     . 

534 

595 

November, 

496 

479 

December, . 

.        563 

The  months  in  which  the  greatest  mortality  was  reported  were 
March,  April  and  August,  and  those  in  which  there  was  the  least 
reported  mortality  were  June,  October  and  November.  The  per- 
centages of  mortality  in  each  of  the  four  quarters  of  the  year  were 
as  follows :  — 


All  Aou. 


Nambert. 


PercenUfet. 


First  quarter, 
Second  quarter, 
Third  quarter, 
Fourth  quarter, 


7,1&S 
7,418 
8,Ml 
7,036 


30,247 


23.66 
24.62 
28.67 
28.26 


100.00 


Aau  UxDu  Fits  Tiai 


Kambcn.     PerccaMf*- 


2,276 
2,188 
4.126 
2,160 


10,760 


21.U 
S0J4 

88.31 
SO.I« 


100.N 


The  death  rate  of  reporting  cities  and  towns  was  20.74  per  1,000» 
the  estimated  population  being  1,458,840. 

Deaths  under  Fhte  Years. 

The  reported  number  of  deaths  of  children  under  five  years  of 
age  was  10,759,  and  the  average  weekly  number  was  207. 

The  greatest  number  reported  in  one  week  was  444  in  the  week 
ending  August  19,  and  the  least  number  was  123  in  the  week  endiif 
June  24.  The  ratio  of  the  deaths  of  this  class  to  the  total  report^ 
mortality  was  35.5  per  cent.»  which  was  slightly  greater  than  tbtf 
of  the  preceding  year  (84.1  per  cent.). 
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The  average  weekly  number  of  deaths  of  children  under  five  years 
of  age  by  months  was  as  follows :  — 


January, 170 

February, 196 

March 203 

April, 177 

May, 178 

June, 148 


July 243 

August, 377 

September,    .        .        .  .  281 

October 183 

November,     .        .  .  168 

December, 161 


The  months  having  the  greatest  number  of  deaths  of  this  class 
were  July,  August  and  September,  and  those  having  the  least  num- 
ber were  June,  November  and  December. 


Consumption. 

The  number  of  reported  deaths  from  consumption  was  3,217  and 
the  weekly  average  was  62.  The  greatest  number  of  deaths  reported 
from  this  cause  in  a  single  week  was  97  in  the  week  ending  April 
15,  and  the  least  number  was  39  in  the  week  ending  June  24. 

The  average  weekly  number  of  reported  deaths  from  this  cause  in 
each  month  was  as  follows  :  — 


January, 
February, 
March, . 
April,  . 
May,     . 
June,    . 


70 
59 
71 
76 
63 
53 


July,    . 

August, 

September, 

October, 

November, 

December, 


56 
61 
61 
62 
64 
66 


The  months  having  the  greatest  number  of  deaths  from  this  cause 
were  March  and  April,  and  those  having  the  least  number  were  June 
and  October. 

The  following  table  presents  the  variations  from  the  weekly  aver- 
age number  of  deaths  from  this  cause  for  the  past  four  years :  — 


18M. 

1891. 

1 

ItlM. 

18»S. 

18M. 

1891. 

18M. 

ISM. 

JftniiAry,  . 

+42 

•H 

+18 

+8 

Jaly, 

-8 

-4 

—a 

— T 

Febnuury, 

+8 

-4 

—8 

—8 

Anguit,  . 

-4 

-8 

-4 

—1 

Handi,      .       .       . 

+« 

—6 

—1 

+9 

September,    . 

—6 

—8 

—11 

—1 

AprU, 

+1 

+4 

+T 

+18 

October, . 

—11 

+8 

—6 

-10 

lUj,       ... 

+1 

-H 

0 

+1 

November,     . 

—12 

-4 

-4 

+2 

JniM, 

—8 

-2 

— & 

-•    i 

1 

December, 

0 

+6 

—1 

— « 
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The  ratio  of  reported  deaths  from  coDsumptioo  to  the  mortality 
reported  from  all  causes  was  106.35  per  1,000,  while  that  of  pre- 
vious years  was  as  follows  :  — 


1886,  (J. 
1887, 
1888, 
1889, 


156.5 
141. 1 
184.2 
125.0 


1890, 
1891, 
1892, 
1893, 


180.0 
116.5 
111.3 
106.5 


The  ratio  to  the  reporting  population  in  1893  was  2.20  per  1,000, 
as  compared  with  2.35  in  1892. 

• 

Acute  Lung  Diseases. 

The  number  of  reported  deaths  from  acute  lung  diseases  (bron- 
chitis, pneumonia,  pleurisy  and  asthma)  during  the  year  was  4,484, 
and  the  weekly  average  was  86.  The  greatest  number  of  deaths 
reported  from  this  group  of  causes  in  a  single  week  was  170,  in  the 
week  ending  April  22,  and  the  least  number  20,  in  the  week  end- 
ing September  9. 

The  average  weekly  number  of  reported  deaths  from  these  causes 
for  each  month  was  as  follows  :  — 


January, 116 

February, 127 

March, 124 

April, 164 

May, 123 

June, 67 


July 54 

August, S9 

September, 31 

October, 40 

November, W 

December, H^ 


The  months  having  the  greatest  number  of  reported  deaths  from 
these  causes  were  February  and  April,  and  those  having  the  lei^ 
number  were  August  and  September. 

The  ratio  of  reported  deaths  from  acute  lung  diseases  to  the 
reported  mortality  from  all  causes  was  14.82  per  1,000. 

The  estimated  death  rate  per  1,000  of  the  reporting  population 
from  these  causes  was  3.07,  as  compared  with  2.82  for  the  previous 

year. 

Typhoid  Fever. 

The  total  number  of  reported  deaths  from  this  cause  in  1893  wis 
427,  and  the  average  weekly  number  was  8*  The  greatest  number 
reported  in  any  single  week  from  this  cause  was  19  in  the  week 
ending  October  21,  and  the  least  number  was  2  in  the  week  endiog 
April  1. 
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July,      .        .        .        . 

4 

August, . 

9 

September,    . 

13 

October, 

.      17 

November,     . 

11 

December, 

.       10 

The  average  weekly  number  of  deaths  reported  from  this  cause 
for  each  month  was  as  follows :  — 


January, 9 

February, 8 

March, 5 

April, 6 

May, 5 

June, 5 


The  months  having  the  least  number  of  deaths  from  this  cause 
were  March,  June  and  July,  and  those  having  the  greatest  number 
were  September,  October  and  December. 

The  ratio  of  reported  deaths  from  typhoid  fever  to  the  reported 
mortality  from  all  causes  was  14.12  per  1,000,  and  the  ratio  to  the 
reporting  population  was  .29,  as  compared  with  .31  in  the  previous 
year. 

Diphtheria  and  Croup. 

The  total  number  of  reported  deaths  from  diphtheria  and  croup  in 
1893  was  1,013,  and  the  average  number  in  each  week  was  20. 
The  greatest  number  reported  in  a  single  week  from  these  combined 
causes  was  37,  in  the  week  ending  October  28,  and  the  least  number 
was  6,  in  the  week  ending  June  24. 

The  average  weekly  number  of  reported  deaths  from  these  causes 
for  each  month  was  as  follows  :  — 


January, 28 

February, 22 

March, 21 

April, 16 

May 27 

June, 12 


July, 16 

August, 10 

September, 16 

October, 29 

November, 26 

December, 27 


The  months  having  the  greatest  number  of  reported  deaths  from 
these  causes  were  January,  October  and  December,  and  those 
having  the  least  number  were  June,  August  and  September.  The 
ratio  of  deaths  from  diphtheria  and  croup  to  the  reported  mortality 
from  all  causes  was  33.49  per  1,000,  and  the  death  rate  of  the  repoit- 
ing  population  was  .69  per  1,000,  that  of  the  previous  year  being  .66. 
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Scarlet-fever. 

The  reported  deaths  from  scarlet-fever  in  1893  were  527,  and  the 
average  weekly  number  was  10.  The  greatest  number  of  reported 
deaths  from  this  cause  in  a  single  week  was  21,  in  the  week  ending 
March  18,  and  the  least  number  reported  in  a  single  week  was  3,  in 
the  week  ending  September  9.  The  average  weekly  number  re- 
ported in  each  month  was  as  follows :  — 


January, 16 

February, 12 

March, 16 

April, 12 

May 11 

June, 8 


July 7 

August, 4 

September, 5 

October, 5 

November, 9 

December, IS 


The  months  having  the  greatest  number  of  deaths  from  this  cause 
were  January  and  March,  and  those  having  the  least  number  were 
August  and  October. 

The  ratio  of  deaths  from  this  cause  to  the  reported  deaths  from  all 
causes  was  17.44  per  1,000,  and  the  death  rate  of  the  reporting 
population  from  this  cause  was  .36  per  1,000,  that  of  the  previous 
year  being  .32. 


Measles. 

The  total  number  of  reported  deaths  from  measles  in  1893  was 
100,  and  the  weekly  average  number  was  2. 

The  greatest  number  in  a  single  week  was  9.  There  were  nine 
weeks  in  which  no  deaths  from  measles  were  reported. 

The  average  weekly  number  reported  in  each  month  was  as  fol- 
lows :  — 


January, 
February, 
March,   . 
April,     . 
May, 
June, 


1 
1 
2 
2 
7 
3 


July,      . 

August, . 

September, 

October, 

November, 

December, 


The  ratio  of  deaths  to  the  reported  mortality  from  all  canaas  waa 
3.31  per  1,000,  and  the  death  rate  from  this  cause  wais  .06  per  1,000 
of  the  reported  living  population,  as  compared  with  .08  in  189S. 
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DlARRH(EAL   DISEASES. 

The  diseases  included  in  this  group  are  diarrhoea,  dysentery » 
cholera  morbus  and  cholera  infantum. 

From  these  causes  combined  the  number  of  deaths  reported  in 
1893  was  2,497,  and  the  weekly  average  number  was  48.  The 
greatest  number  reported  in  a  single  week  was  245  in  the  week 
ending  August  5,  and  there  were  none  reported  in  the  week  ending 
June  3. 

The  average  weekly  number  of  reported  deaths  from  these  causes 
in  each  month  was  as  follows  :  — 


January, 
February, 
March,   . 
April,     . 
Mav, 
June, 


6 
6 
5 
S 
6 
12 


July 112 

August, 217 

September, 124 

October, 41 

November, 13 

December, 7 


The  months  having  the  greatest  number  of  reported  deaths  from 
these  causes  in  1893  were  July,  August  and  September,  and  those 
having  the  least  were  January,  February  and  March. 

The  deaths  from  these  causes  in  the  third  quarter  of  the  year  con- 
stituted 82  per  cent,  of  the  number  of  deaths  from  the  same  causes 
for  the  entire  year.  The  ratio  of  reported  deaths  to  the  reported 
mortality  for  all  causes  was  82.5  per  1,000,  and  the  death  rate  of 
the  reporting  population  from  these  causes  was  1.71  per  1,000,  as 
compared  with  1.66  in  1892. 

Whooping-cough,  Malarial  Fever,  Erysipelas,  Puerperal 

Fever  and  Small-pox. 

The  essential  statistics  relating  to  these  five  diseases  are  embraced 
in  the  following  table  :  — 


Total  Dcatha 
Reported. 


Weekly 
Average. 


Batlo  per 

i,obo 

ofReported 
Death!  from 
All  Caueee. 


Batlo  per 

1,000 

of  Eatlmated 

Popalatlon. 


Whoopiog-eongfa, 
Bryaipelaa, 
Poerp«ral  fever, 
Malarial  fever,  . 
BiBAll.poz, . 


119 

M 

48 

12 

6 


2.0 

1.8 

.0 

.2 

.1 


3.93 

3.11 

1.68 

.40 

.16 


.08 

.00 

.08 

.008 

.008 


REPORTS  OF  INFECTIOUS  DISEASES. 


[637] 


REPORTS  OF  INFECTIOUS  DISEASES. 


For  very  many  years  laws  have  existed  in  this  State  requiring  that 
notices  of  cases  of  diseases  dangerous  to  the  public  health  should  be 
given  to  the  board  of  health  of  the  city  or  town  in  which  they  have 
occurred ;  but  the  vital  importance  of  such  a  system  of  notification 
does  not  appear  to  have  become  impressed  firmly  upon  the  public 
mind  until  a  comparatively  recent  period.  It  was  not  until  1889 » 
in  fact,  that  a  law  was  enacted  in  England  requiring  such  notices, 
and  even  then  it  was  made  a  matter  of  local  option  except  in  London. 

The  chief  advantages  of  a  system  of  notification  lie  in  the  possi- 
bility which  is  thus  given  to  a  local  board  of  health  to  determine  the 
extent  of  prevalence  of  an  epidemic  or  a  localized  outbreak,  and  to 
inquire  into  the  local  causes  which  have  operated  to  produce  it.  The 
board  can  then  act  intelligently  in  applying  the  proper  remedies  for 
preventing  its  further  spread. 

In  Massachusetts  there  can  be  no  doubt  that  the  law  relative  to 
notification  has  been  productive  of  excellent  results  in  the  prevention 
of  disease,  especially  in  the  cities  and  large  towns.  It  has  furnished 
the  local  boards  of  health  with  the  necessary  information  relative  to 
the  origin  of  outbreaks  of  infectious  disease,  and  in  many  instances 
enabled  them  to  take  timely  steps  for  preventing  further  outbreaks. 
The  recent  law  requiring  local  boards  to  keep  records  upon  this  im- 
portant matter,  has  furnished  information  as  to  the  prevalence  of 
certain  diseases  in  the  principal  cities  and  towns  of  the  State.  In 
the  smaller  towns  it  is  probable  that  instances  of  failure  to  comply 
with  the  provisions  of  the  statute  are  much  more  frequent  than  they 
are  in  cities. 

Up  to  1883  no  definite  authority  was  given  by  statute  for  notifi- 
cation to  the  central  authority,  the  State  Board  of  Health.  In  that 
year  a  law  was  enacted  requiring  immediate  notice  to  be  given  by 
local  boards  to  the  State  Board  of  Health  of  the  occurrence  of  cases 
of  small-pox. 
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Ten  years  later  by  the  provisions  of  chapter  302  of  the  Acts  of 
1893,  it  was  required  that  reports  of  all  diseases  dangerous  to  the 
public  health  should  be  made  to  the  State  Board  of  Health. 

The  following  is  the  act  of  1893  relative  to  reporting  dangeroas 
diseases  to  the  State  Board  of  Health :  — 

[Chapter  302  ov  thx  Acts  of  1803.] 

(1.)  When  the  board  of  health  of  any  city  or  town  has  had  notice  of 
the  occurrence  of  a  case  of  small-pox  or  any  other  disease  dangerous  to 
the  public  health  in  such  city  or  town,  such  board  of  health  shall,  within 
twenty-four  hours  after  the  receipt  of  such  notice,  notify  the  state  board  of 
health  of  the  same. 

(2.)  If  the  board  of  health  of  the  city  or  town,  in  which  a  case  of 
small-pox  or  any  other  disease  dangerous  to  the  public  health  has  occurred, 
refuses  or  neglects  to  send  a  notice  as  required  in  section  one,  each  city  or 
town  shall  forfeit  its  claim  upon  the  Commonwealth  for  the  payment  of 
any  expenses  which  may  be  incurred  as  provided  in  section  eighty-three 
of  chapter  eighty  of  the  Public  Statutes. 

Since  no  definite  statement  was  made  in  this  act  defining  the  term 
*' dangerous  to  the  public  health"  the  Board  deemed  it  proper,  in 
order  to  relieve  local  authorities  of  uncertainty  in  the  matter,  to 
specify  the  diseases  which,  in  the  opinion  of  the  Board,  should  be 
thus  reported  under  the  provisions  of  the  act. 

For  this  purpose  a  circular  was  prepared  in  which  it  was  specified 
that,  in  addition  to  small-pox^  the  following  diseases  shall  be  cod- 
sidered  as  dangerous  to  the  public  health  within  the  meaning  of  the 
foregoing  act :  scarlet-fever^  measles^  typhoid  fever ^  diphikeria^ 
membranous  croup^  cholera^  yellow  fever^  typhus  fever^  cerebro^inol 
meningitisy  hydrophobia^  malignant  pustule^  leprosy  and  trichinosis* 

This  circular  was  issued  in  September,  1893.  Previous  to  that 
date  very  few  returns  had  been  received  in  compliance  with  the 
terms  of  the  act. 

The  act  was  approved  May  3,  1893,  and  the  first  returns  to  be 
received  came  from  the  city  of  Cambridge,  which  has  sent  con- 
tinuous returns  since  May,  1893.  A  few  more  cities  and  towoft 
complied  with  the  provisions  of  the  act  during  the  months  of  Janet 
July  and  August,  but  no  large  number  of  cities  and  towns  mide 
returns  until  a  circular  was  prepared  notifying  them  of  the  eoad- 
ment  of  the  law.    This  circular  was  issued  to  each  city  and  town  ii 
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September,  after  which  the  returns  came  with  regularity  from  many 
cities  and  towns. 

The  following  is  the  form  of  the  return  recommended  by  the 
Board  and  issued  by  it  in  the  form  of  postal  cards  to  each  local 
Board  of  Health  :  — 


Report  of  Infection  Diseases  to  the  State  Board  of  Health,  as 
required  by  the -provisions  of  Chapter  302,  Acts  of  1893. 


^99 


Cosea  of  diMMe,  dangeroua  to  the  pablio  health,  reported  within  the  past 


twenty-four  hour*  to  the  Board  of  Health  of  the 


TOWN 
CITY 


of. 


Small-poz,     . 
Scarlet-fever, 
Diphtheria,   . 
Membranoua  Croup, 
Meaalea, 
Typhoid  Fever,    . 


Number  of  Caaea  of 
each  diaeaae. 


(Signed) 


Seerttary  or  Agent  of  Board  of  Health, 


ThU  poital  card  report  should  in  all  eaeee  be  signed  by  the  Secretary  or 
OUrk  of  the  local  Board  of  Health,  or  by  the  authoriaed  Agent  of  the  Board. 

In  the  blank  spaces  should  be  written  the  names  of  any  of  the  unusual 
forms  of  ii^ecttous  diseases  enumerated  below.  If  such  should  occur:  — 

Cholera,  Typhus  Fever,  TeHoto  Fever,  Cerebrospinal  Meningitis,  Hydro- 
phobia, Malignant  Pustule,  Glanders  and  Trichinosis. 


The  results  of  these  notices  are  published  each  week  in  the 
Weekly  Bulletin  of  Mortality  and  Infectious  Diseases. 

The  following  tables  embrace  the  results  of  these  returns  for  the 
fractional  part  of  the  year  1893  which  elapsed  after  the  enactment 
of  the  law  :  — 
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Cases  of  Disecues  dangerous  to  the  Public  Health  reported  by  Local  Boards  oj 
Health  to  the  State  Board  of  Health  for  the  Fractional  Tear  ending  Dec 
31,  1893. 


Total  number  of  reported  cases  of  diphtheria  and  croup. 
Total  number  of  reported  cases  of  scarlet-fever. 
Total  number  of  reported  cases  of  typhoid  fever, 
Total  number  of  reported  cases  of  measles,       •        . 
Total  number  of  reported  cases  of  small-pox,    .        • 


1,109 
2,914 
1,525 
1,503 
S5 

7,066 
Additional  cases  of  small-pox  reported  under  the  statute  of  1883,    •        .  8 


Total 7,094 

The  following  table  shows  the  distribution  of  these  cases  by  mootb 
of  the  year. 

Reports  were  not  generally  forwarded  to  the  State  Board  until 
after  the  public  notice  was  given  in  September,  which  accounts  for 
the  small  number  before  that  date. 


Reports  of  Dangerous  Diseases  Classified  by  Months. 


1S9S. 


May,   .       . 

June,  . 
July,  . 
Aufnat, 
September, 
October,     . 
November, 
December, . 
Totala, , 


Diphtheria 
and  Croap. 

Scarlet* 
fever. 

TypboM 
rarer. 

Meaalea. 

SaaB-poK. 

4 

8S 

4 

48 

4 

41 

2 

226 

10 

S8 

5 

8 

14 

28 

23 

6 

191 

458 

641 

79 

816 

670 

488 

201 

305 

870 

288 

880 

265 

796 

174 

557 

8 

1,100 

2,914 

1,525 

1,508 

81 

The  following  table  presents  the  names  of  the  reporting  cities  and 
towns  with  the  number  of  cases  of  each  disease  reported  by  the  load 
boards  of  health :  — 
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of  Infectious  Diseases  reported  to  the  State  Board  of  Health  Jrom  One  Hun-' 
dred  and  Seventy-five  Cities  and  Towns  during  1893. 


Diphtheria 
and  Croup. 

• 

1 

Typhoid 

Ferer. 

1 

i 
1 

ll 

la 

s 

1 

J 

SI 

et,   .       . 

- 

- 

1 

- 

- 

DaltOD, 

- 

1 

- 

- 

- 

Q,      . 

- 

1 

- 

- 

- 

Danven,     . 

- 

2 

2 

- 

- 

iry, . 

7 

82 

18 

- 

- 

I>edham,     • 

1 

28 

« 

- 

- 

t,     .       . 

- 

- 

1 

- 

- 

Dlghton,     • 

1 

4 

2 

- 

- 

)D,    . 

15 

- 

2 

- 

- 

Doaglas, 

2 

- 

- 

- 

- 

nham, 

- 

1 

- 

- 

- 

Dover, . 

2 

- 

- 

- 

- 

1.      .       . 

- 

1 

- 

- 

- 

Draeat, 

- 

2 

- 

- 

- 

1             •             • 

- 

4 

8 

- 

- 

1 

1 

- 

- 

- 

rongh,     . 

7 

- 

5 

1 

- 

Edgartown, 

- 

4 

- 

- 

- 

»      •       • 

- 

- 

1 

- 

- 

Sgremont,  • 

- 

1 

- 

- 

- 

•       • 

- 

80 

3 

- 

- 

Erving, 

1 

5 

2 

- 

- 

u    .'   . 

2 

- 

- 

- 

- 

Escez, . 

1 

- 

- 

- 

- 

t,     .       . 

1 

2 

1 

- 

- 

Etibstt,    • 

- 

84 

8 

6 

- 

•      • 

- 

1 

- 

- 

- 

Fall  Ritbb,      . 

12 

62 

87 

8 

- 

»      •       • 

1 

6 

8 

- 

- 

FXTCHBUBO, 

1 

7 

10 

8 

- 

•       • 

- 

2 

- 

- 

- 

Fox  borough. 

- 

8 

- 

- 

* 

»      •      • 

620 

816 

446 

161 

27 

Franklin,     . 

- 

2 

11 

- 

- 

1      •      • 

1 

- 

- 

- 

- 

Gardner, 

- 

1 

17 

- 

- 

^,    .      . 

5 

1 

2 

- 

- 

Olouoeitbb,     . 

5 

« 

6 

- 

* 

«-,    . 

- 

- 

- 

1 

- 

Orafton, 

- 

- 

1 

2 

- 

rater, 

- 

- 

1 

■> 

- 

Greenfield,  . 

8 

- 

1 

- 

- 

Id,    . 

- 

- 

1 

- 

- 

Groton, 

- 

2 

1 

- 

- 

WN,. 

5 

28 

16 

- 

- 

Halifax,       .       . 

- 

1 

- 

- 

- 

eld, . 

- 

1 

- 

- 

- 

Hampden,   . 

8 

- 

- 

- 

- 

ne,  . 

1 

7 

5 

2 

1 

Hanson, 

1 

6 

- 

- 

- 

DOS, 

52 

467 

70 

70 

- 

Hardwlok,  . 

5 

17 

- 

- 

- 

t       •       • 

- 

6 

- 

- 

- 

Hatfield,      . 

- 

1 

- 

- 

- 

Pord, 

- 

- 

2 

- 

- 

Hatibhxll, 

6 

19 

81 

1 

- 

lA,     . 

10 

27 

12 

- 

- 

Hlngham,    . 

- 

2 

- 

- 

- 

•,     . 

11 

- 

- 

1 

- 

Hlnadale,     . 

- 

- 

0 

- 

field. 

- 

- 

1 

16 

- 

Hull,    . 

1 

1 

- 

- 

IB,   . 

1 

- 

7 

1 

- 

Huntington,        • 

- 

6 

- 

- 

I.       .         . 

8 

8 

3 

- 

- 

Ipawleh,      .       . 

3 

18 

2 

- 

'#        •         • 

- 

- 

1 

- 

- 

Kingston,    . 

- 

- 

- 

- 

City,     . 

- 

5 

1 

- 

- 

Lancaster,  . 

- 

- 

2 

- 

- 
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I 

1^ 

1 

i 

i 

i 
1 

z 

i1 

LAnaNM, 

It 

~Z 

M 

Norwood,    . 

. 

"1  " 

l,«l«.t»r,     .       . 

- 

- 

OlkhUD,        . 

- 

•1    ■ 

4 

Onnga, 

t)    . 

LcllOCtOD.    .          . 

Oxford, 

.1  . 

LldsolD,       . 

i 

PBloitr.        . 

UtUatoo,     .        . 

4 

pRiion, 

LOWILL,        . 

3S 

M 

Pwbodjr,     . 

-    . 

LlllllDW,          .          . 

1 

Pembroka,  . 

Pepp.r.11,    . 

.     1 

Ltwn.  .       .       . 

Si 

ISO 

«l    - 

Ualden,     .       . 

4B 

n 

Plymonlh,  . 

H       - 

IS 

Qdikct,       . 

*    - 

l[>rbl«h>«],        . 

M 

BtDdoIpb,  . 

HtBLBOBODDH,  . 

a 

iti 

Rarotaua,    . 

lIWMnl-     .       . 

fl 

RaadlDi.      . 

.    - 

HmDFcnD,  .       . 

fl 

RoohHiar,  . 

UelrOH.       .       . 

sa 

u 

Boekland,    . 

Kedwar,      .       . 

1 

Hoakpon,    . 

-    - 

l[aUiD>n,     .       . 

RD.I.J,       . 

lUddlefltld, 

1 

8ali>, 

MlddleioD.  .       . 

- 

B^>bt»T.    . 

UUford.       . 

1 

Baudliflald, . 

JUllbtirj,    .       . 

a 

s< 

B.OCU.       . 

»    • 

HODIOD,         .          . 

» 

Ballnate,      . 

ItODUgO..     .          . 

7 

Beakonk,     . 

-    - 

H»U«k,         .       . 

It 

ShuoD.        . 

Hmw  Bedford,. 

I* 

1«8 

IIB 

- 

-    - 

BiWBCRTPOBT, 

1 

- 

- 

«    - 

lHwros.     .       . 

U 

43 

3 

IM 

1    ' 

NonbAdini.     . 

3T 

1 

BruHomLD, 

n 

11     ) 

NOHTB^HPTOH,  . 

M 

" 

a 

4 

- 

-    - 

Honb  And««r,  . 

. 

- 

a 

Stow,    .       . 

- 

1    • 

Ho.  AiiLboro',   . 

4 

- 

StoibHdf*,. 

1 

- 

-    ■ 

Vo.  BroDklldd.  . 

■ 

- 

T 

-    • 

- 

- 

^ 

- 

TlCKTOH.     . 

« 

t 

=^ 
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Clues  oj  Infectiotu  JH»ease»,  eie.  —  Concluded. 


i! 

5 

i 
I 

i' 

i 

i 

ii 

1 

J 

1 

1 

Id, 
Id, 

>^ 
wn 

*wr 
b. 

1 

- 

- 

i 

- 

WmUokI,  .       . 

Wti.lmlMt.t,     . 
W»rt  NBUbufj, . 

WeitBprlDgBeld, 

WWtOlM.     , 

WlUl«oi.ltiwo,    . 
Wlacbandan,      . 
Winlhrop,  , 
WlnctaHter, 
Wlndior,     .       . 

Othar  »»•  ol 
•mall-poi,*      . 

TaUli,  .       . 

a 

uo 

- 

■00 

I.IOB 

1,»U 

1.6M 

1,W3 

<3 

roI*l  (Inslndlaf  inall-poi), 


a  bj  dIUh  ud  tavm  wbleh  owd* 


e  foregoing  table  shows  that  exactly  one-half  of  the  local 

B  of  health  in  the  State  hare  complied  with  the  law,  and  have 

returns  to  the  State  Board  of  Health  of  the  cases  of  disease 

igeroaa  to  the  public  health"  reported  to  them,  leaving  one- 

)f  the  towns  from  which  no  reports  whatever  have  been  re- 

i. 

Bse  175  cities  and  towns  reporting,  however,  constitute  much 

than  one-half  the  population,  since  in  this  list  are  embraced 

the  cities  except  Holyoke. 


646 


STATE  BOARD  OF  HEALTH,  [Pub.  Doc. 


The  following  classified  list  contains  the  names  of  those  towns 
whose  boards  of  health  failed  to  comply  with  the  terms  of  the 
statute  of  1893  9  no  reports  having  been  forwarded  by  them  to  the 
State  Board  of  Health  of  the  occurrence  of  cases  of  infectious  or 
dangerous  diseases.  The  list  of  towns  is  classified  according  to 
population. 

/.    CUiea. 

Holjoke. 
//.    Towns  having  Populations  of  More  than  5,000  in  Eo/ch, 


Adams, 

Framingham, 

Revere, 

Andover, 

Hyde  Park, 

Spencer, 

Blackstone, 

Middleborough, 

Southbridge.  — 10. 

Clinton, 

III.    Towns  having  a  Population  of  Over  1,000  but  Less  than  5,000  in  i 

Abington, 

Hadley, 

Petersham, 

Acton, 

Hanover, 

Provincetown, 

Ashfield, 

Harvard, 

Rehoboth, 

Avon, 

Harwich, 

Royalston, 

Barnstable, 

Holbrook, 

Sandwich, 

Barre, 

Holden, 

Sheffield, 

Belchertown, 

Holliston, 

Shelbume, 

Bellingham, 

Hopedale, 

Sherbom, 

Billerica, 

Hopkinton, 

Shirley, 

Braintree, 

Hubbardston, 

Shrewsbury, 

Buck!  and. 

Hudson, 

SouthamptoD, 

Canton, 

Lanesborough, 

South  Hadley, 

Charlton, 

Lee, 

Southborough, 

Chatham, 

Lenox, 

Sterling, 

Chester, 

Longmeadow, 

Stockbridge, 

Cohasset, 

Manchester, 

StoughtoD, 

Colrain, 

Marshfield, 

Sudbury, 

Dartmouth, 

Mattapoisett, 

SuttOD, 

Deerfield, 

Medfield, 

Swansea, 

Dennis, 

Merrimac, 

Templeton, 

Dudley, 

Milton, 

Tisbury, 

Duxbury, 

Nantucket, 

Walpole, 

East  Bridgewater. 

Needham, 

Wellesley, 

Easton, 

Newbury, 

Wellfleet, 

Fairhaven, 

New  Marlborough, 

West  Brookfield, 

Falmouth, 

Northborough, 

Westport, 

Freetown, 

Northbridge, 

Wilbrabam, 

Georgetown, 

Norton, 

Williamsbiirg, 

Granville, 

Norwell, 

Wilmingtoii, 

Great  Barrington, 

Orleans, 

Wrentham.— $1. 

GroTeland, 
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■'                    IF.     Towns  haviJig  Less  Ikan  1,000  Ifihabilanta  in  Each.                  ^^| 

1        Atford, 

Goahen, 

North  Reading,             ^^H 

■         Ashby. 

Gosnold. 

^^H 

■        Becket, 

Hamilton, 

Pelbam,                         ^^^H 

■        Berkley. 

Hancock. 

^^1 

■        Berlin. 

Hawley, 

Phillipston,                   ^^M 

H        Bernards  too, 

Heatb, 

Plainfield,                     ^^H 

■        BUndford, 

Holland. 

^^H 

F        Bor  borough, 

Lakeville. 

Prescon,                     ^^^H 

\             Boiford, 

Leverett, 

Princeton,                     ^^^H 

BoylBton, 

Ley den. 

Riebmond,                    ,^^H 

Burlington, 

Lynnfield. 

Kowe,                           ^^m 

Carver. 

Marion. 

Rusaell.                        ^^H 

Chnrlemont, 

Maahpee, 

^^H 

Cbilmark. 

MendoD, 

Savoy,                           ^^H 

Clarksburg. 

Millia, 

Soathwick,                 ^^H 

CnmmlDgton, 

Monterey, 

Sunderland,                   ^^H 

Daiw, 

Montgomery. 

^^H 

Diinatable, 

Monroe, 

Tniro,                            ^^^H 

EBstham, 

Mount  Waahington, 

Tyngaborough,              ^^^| 

EnfieUI, 

Nahant, 

Tyringham,                     ^H 

Florida. 

New  Ashford, 

Washington,                    ^^H 

Gay  Head, 

New  Brain  tree. 

Wendell,                          ^^H 

GOI. 

New  Salem, 

Wliateiey,                       ^^M 

Gran  by, 

Norfolk, 

Worthington.-73.        ^^H 

Greenwioh, 

^H 

A  review  of  this  classified  lisl  leads  to  some  conclusioDs  as  to  the 

cauaCB  of  tbo  failure  of  so  large  a  number  to  comply  with  the  pro- 

Tieions  of  the  statutes. 

Id  the  first  place,  the  ratio  of  the  population  of  the  cities  and 

towns  failing  to  report  in  each  of  the  foregoing  classes  as  compared 

with  the  total  population  of  the  towus  of  each  class  shows  that  the 

cities  and  large  towns  have  complied  with  the  provisions  of  the  act 

much  more  generally  than  the  small  towns. 

In  Class  I.,  the  cities,  Holyoke  is  the  only  city  failing  to  comply. 

and  its  population,  by  census  of  1890,  constitutes  but  2.5  per  cent. 

of  the  population  represented  in  Class  I. 

In  Class    II.   the  population  of  the  ten  towns   failing  to  report 

was  25.7  per  cent,   of  the  total  population  of  the  towns   of  that 

K  class. 

B      In  Class  III.  the   population  of  the  ninety-one  towns  failing  to 

^report  was  48  per  cent,  of  the  total  population  of  the  towns  of  that 
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In  Class  lY.  the  population  of  the  seventy-three  towns  failing  to 
report  was  75  per  cent,  of  the  total  population  of  the  towns  of  that 
class. 

This  great  difference  between  the  action  of  the  authorities  of  cities 
and  of  small  towns  in  this  matter  suggests  two  definite  reasons  for 
the  considerable  degree  of  non-compliance  with  the  terms  of  the 
statute. 

1.  The  non-existence  of  separate  local  boards  of  health  in  small 
towns  having  an  organization  for  sanitary  purposes  only.  An 
inquiry  of  the  State  Board  made  a  few  years  since  showed  that 
boards  of  health  independent  of  the  selectmen  existed  in  only  one-half 
of  the  towns  in  the  State.  This  being  the  case,  the  selectmen  act- 
ing as  boards  of  health  are  largely  interested  in  matters  of  an 
economic  or  administrative  character  not  closely  related  to  the  pub- 
lic health,  and  as  a  consequence  matters  pertaining  to  the  health  of 
towns  are  much  neglected,  and  among  them,  undoubtedly,  the  re- 
porting of  cases  of  infectious  diseases. 

Many  attempts  to  remedy  this  defect  by  legislative  action  have 
been  made  in  past  years,  but  with  little  success. 

2.  As  a  matter  of  fact  infectious  diseases  do  not  prevail  in 
sparsely  settled  populations  to  so  great  an  extent  as  among  the 
densely  settled  suburban  districts,  so  that  there  were  undoubtedly 
some  of  the  very  small  towns  in  which  none  of  the  specified  diseases 
occurred  during  the  year.  This  fact  is  brought  out  very  clearly  id 
the  twenty-third  report  of  the  Board  (1891),  wherein  is  shown  the 
relation  of  the  mortality  from  eight  different  diseases,  most  of  them 
of  the  infectious  class,  to  the  density  of  the  population. 

While  the  mortality  does  not  necessarily  represent  the  prevalence 
of  disease  it  bears  a  very  close  relation  to  it.  In  that  report  it 
was  shown  that  for  a  period  of  twenty  years  (1871-90)  there  were 
two  towns  in  the  State  in  which  there  had  been  no  deaths  frfHD 
diphtheria  and  croup,  fifteen  towns  in  which  there  had  been  do 
deaths  from  scarlet-fever,  one  town  in  which  there  had  been  do 
deaths  from  typhoid  fever,  183  towns  in  which  there  had  been 
no  deaths  from  small-pox  and  ninety-five  towns  in  which  there  M 
been  no  deaths  from  measles. 
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i  following  report  compriaes  the  work  of  the  Board  for  the  yei 
eoiJiDg  Sept.  30,  1893,  in  the  inspection  of  food  and  drugs. 

The  force  employed  in  this  department  of  work  was  the  same 
that  of  the  previous  year,  and  conaiated  of  the  following :  — 

Dr.  CnARLKS  P.  Worcester, Jnaiytl. 

Prof.  Charles  A.  Goes3HJlvs, Analytt. 

Mr.  Albebt  E.  Leach, AisUtaiU  Analyst, 

John  H.  TEitar, Irupector. 

John  F,  McCaffrey Inspector. 

Horace  F,  Davis. Iitsptctor, 

The  work  of  the  Board  in  this  department  has  been  conducted 
during  the  year  in  the  laboratory  at  £)94  Washington  Street,  Boston, 
temporarily  occupied  for  this  purpose  until  the  new  laboratory  in 
the  State  House  Extension  is  completed. 

The  whole  number  of  samples  of  food  and  drugs  examined  during 
the  year  was  6,409,  making  the  whole  number  examined  53,573  for 
the  entire  period  since  the  enactment  of  the  general  food  and  drug 
acts  in  1882.  This  number  (6,409)  was  greater  than  that  of  any 
previous  year. 

The  following  summary  embraces  the  work  done  during  the  year :  — 

Number  of  siiraplea  of  milk  oxHtuiaed, 8,073 

Number  of  samples  above  standard, 1,545 

Number  of  samples  below  standard, •  1,528 

Percentage  of  adulteralioa  or  dellcieacy 49.7 

Numberof  samples  of  other  kinds  of  foot)  (not  milk),       ....  3,009 

Number  of  samples  above  standard 3,637 

Number  of  samples  below  staDdard 372 

Percentage  of  adulteration, 12.3 

Number  of  samples  of  drugs  esftmiDed, 327 

Number  of  samples  of  good  quality, S28 

Number  of  samples  adullernted,  as  defined  by  the  statuteB,        ...  99 

Percentage  of  adulteration 30.3 

Total  examinations  of  food  and  drugs,          .......  6,409 

Total  examinations  of  good  quality 4,410 

Total  examinatKins  not  conforming  to  tlie  statutes, 1,999 

-forcenlage  of  adulteration %\.°L 

L  [Ml] 
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It  would  be  manifestly  impossible  from  the  statistics  presented  in 
the  foregoing  table  to  form  a  definite  conclusion  either  in  relation  to 
the  extent  of  adulteration  of  food  which  exists  in  Massachusetts  or 
of  its  relative  prevalence  when  the  same  statistics  are  compared  with 
those  of  other  countries  conducting  a  similar  line  of  work. 

The  reasons  for  the  very  marked  contrast  between  the  results 
reported  by  the  British  analysts  and  those  of  Massachusetts  are 
stated  in  the  last  Report  of  the  Board  (24th  report,  p.  608),  and 
one  of  these  reasons  appears  to  be  shown  more  clearly  in  the  present 
report  wherein  the  general  table  of  statistics  has  been  rearranged  in 
«uch  a  manner  as  to  present  the  ratio  of  adulteration  of  <<  other  sam- 
ples of  food,"  not  including  milk. 

To  what  extent  the  legal  standard  of  milk  in  Massachusetts  affects 
the  ratio  of  adulteration,  as  published  in  the  foregoing  table,  maybe 
shown  by  the  following  statement. 

Out  of  2,235  samples  of  milk  taken  by  the  inspectors  of  the  Board 
in  the  years  1886-1889,  the  total  solids  of  which  were  known,  and 
all  of  which  contained  less  than  13  per  cent,  of  solids,  1 ,504  or  67.3 
per  cent,  contained  from  12  to  13  per  cent,  of  solids.  Nearly  all  of 
these  and  many  more  would,  under  the  standards  of  most  countries 
which  have  adopted  a  standard,  have  been  deemed  to  be  milk  of  good 
standard  quality,  since  the  standard  in  most  countries  is  11.50  of  total 
solids.  But  in  Massachusetts  all  of  this  number,  except  those  which 
were  collected  in  the  months  of  May  and  June,  must  be  reckoned  as 
adulterated  milk.  The  effect  of  this  statutory  provision  upon  the 
published  ratio  of  adulteration  consequently  gives  to  our  published 
statistics  an  unfavorable  showing,  which  at  the  first  glance  might  be 
easily  misconstrued.  The  statistics  presented  in  Dr.  Worcester's 
report  for  the  present  year  still  further  confirm  this  statement. 

As  a  matter  of  fact,  however,  actual  or  intentional  adulteration  of 
this  most  important  article  of  food  is  much  less  common  than  it  was 
found  to  be  at  the  beginning  of  the  period  of  active  enforcement  of 
the  laws  relating  to  food  and  drug  inspection. 

The  continuous  work  of  the  Board  and  the  marked  improvement 
in  local  inspection  in  cities  have  effected  a  marked  change,  whidi 
nothing  but  vigilant  and  continuous  supervision  could  have  accoiD- 
plished. 
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What  18  Adulterated  Milk  9 

The  high  percentages  of  samples  of  milk  which  are  shown  by  the 
continuous  reports  of  the  Board  to  be  below  the  legal  standard  of  13 
per  cent,  of  solids  make  it  necessary  to  make  an  occasional  statement 
of  the  cause. 

The  term  **  adulterated  milk,"  under  the  statutes  of  Massachusetts, 
may  signify  milk  which  is  simply  below  the  legal  standard  of  13  per 
cent,  of  solids  and  nothing  more,  or,  in  other  words,  a  natural  milk, 
just  as  produced  by  the  cow,  having  no  other  disqualification  except 
its  deficiency  in  total  solids.  The  <*  percentage  of  adulteration'' 
reported  by  the  Board  in  its  monthly  bulletins  is  largely  made  up  of 
this  class  of  samples. 

The  second  form  of  << adulterated  milk"  consists  of  milk  which 
has  been  subjected  to  certain  alterations  by  human  interference. 
These  are  chiefly  the  addition  of  water,  the  removal  of  cream,  the 
addition  of  coloring  matter  and  of  substances  employed  to  preserve 
the  milk  from  souring. 

This  second  class  is  very  much  smaller  in  number  than  the  former 
class.  It  is  not  practicable  to  separate  the  two  classes  and  to  draw 
an  exact  line  between  them,  but  it  is  certain  that  the  ratio  of  the 
class  of  samples  intentionally  adulterated  is  very  much  less  than  it 
was  before  active  measures  were  taken  for  the  suppression  of  such 
conditions. 

In  1884  the  Board  made  a  large  number  of  examinations  of  natural 
milk,  the  samples  in  all  cases  being  collected  by  inspectors  who  wit- 
nessed the  milking.  From  the  results  of  these  analyses  it  would  be 
safe  to  say  that  out  of  100  samples  taken  at  random  from  100  animals 
throughout  the  different  dairies  in  the  State  under  varying  conditions 
of  breed,  of  age,  time  of  year  and  methods  of  feeding,  about  thirty 
would  prove  to  be  below  the  legal  standard  of  13  per  cent,  of 
solids. 

Among  this  30  per  cent,  of  animals  the  ratio  of  Holstein  cows 
would  probably  be  greater  than  the  ratio  of  such  cows  among  the  70 
per  cent,  whose  milk  is  found  to  be  above  the  legal  standard. 

Very  careful  attention  has  been  given  to  this  subject  in  other 
countries,  where  the  subject  of  milk  inspection  is  deemed  of  very 
high  importance,  both  in  its  sanitary  and  in  its  economic  rela- 
tions. 


656  STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 

In  a  recent  article  in  the  Zeitachrift  fur  Fleisch  und  Milch  fftf- 
gienSy  Dr.  Martiny  states  that  the  percentage  of  the  various  constit- 
uents of  milk  to  be  used  as  a  standard  must  be  determined  by  the 
average  percentage  found  in  a  given  district,  since  this  may  vary 
somewhat.     Milk  in  North  Germany  is  not  quite  so  rich  in  solids  a5 
that  of  South  Germany,  and  in  the  former  it  shows  an  average  of 
3.3  per  cent,  of  fat  in  12  per  cent,  ot  dried  solids,  with  a  specific 
gravity  of  1031.5,  while  in  the  latter  the  average  solids  are  12.4  per 
cent,  and  the  fat  3.5. 

The  same  writer  states  his  belief  that  the  percentage  of  fats  mij 
be  increased  to  more  than  4  per  cent,  in  a  total  of  13  or  14  per  cent, 
of  solids  by  appropriate  feeding. 

The  methods  of  feeding  employed  in  many  of  the  dairies  which 
furnish  the  milk  supply  of  our  large  cities  are  those  which  are  in- 
tended to  secure  an  increased  quantity  of  milk  at  the  expense  of  iu 
quality,  and  the  selection  of  breeds  of  cows  whose  milk  is  notorious] j 
poor  in  quality  acts  in  the  same  direction  of  impoverishing  the  quality 
of  the  milk. 

In  commenting  upon  the  difficulty  of  subjecting  to  inspection  the 
entire  milk  supply  of  a  city  at  frequent  intervals,  Martiny  concludes 
that  — 

1.  The  sale  of  milk  should  only  be  allowed  by  officially  desig- 
nated dealers,  and  in  order  to  facilitate  frequent  inspection  he  8Ug* 
gests  the  limitation  of  the  number  of  vendors  of  milk  as  is  done  io 
England  and  in  Italy. 

2.  Dealers  should  give  evidence  of  an  intelligent  knowledge  of 
the  requirements  necessary  for  the  sale  of  pure  milk  both  from  t 
sanitary  and  from  an  economic  point  of  view. 

3.  Milk  inspection  should  not  be  confined  to  market  milk  bot 
should  extend  to  the  dairies. 

4.  In  every  city  a  well-equipped  laboratory  should  be  maintaioed 
for  the  scientific  examination  of  milk. 

It  is  gratifying  to  know  that  since  the  enactment  of  the  general 
statute  of  1882  (chap.  263),  and  the  work  which  has  followed  da^ 
ing  the  ten  years  or  more  which  have  elapsed,  very  much  more 
attention  has  been  given  to  milk  inspection  by  local  authorities- 
Several  of  the  principal  cities  of  the  State  employ  the  services  of 
trained  inspectors  who  devote  either  the  whole  or  a  considenble 
portion  of  their  time  to  the  careful  analysis  of  milk  by  laboratoiT 
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methods,  and  the  number  of  such  cities  which  find  it  to  be  for  their 
interest  to  employ  a  trained  inspector  is  gradually  increasing. 

The  report  of  the  analyst  also  shows  that  the  artificial  coloring  of 
milk,  once  quite  a  common  practice  in  the  large  cities,  is  now  very 
rarely  found,  the  vigorous  warfare  against  this  objectionable  form 
of  adulteration  having  practically  suppressed  it. 

Among  the  examinations  of  milk  reported  by  the  analyst  special 
attention  is  called  to  the  report  upon  condensed  milk,  an  article 
which  is  now  largely  used  and  has  a  wide  field  of  usefulness  as  a 
convenient  form  of  food  for  special  purposes.  ' 


Food,  other  than  Milk. 

In  the  examination  of  other  kinds  of  food  during  the  year  special 
attention  has  been  given  to  the  examination  of  the  most  important 
and  widely  used  of  all  foods  —  bread ;  and  also  of  cheese,  another 
valuable  article  of  nutriment. 

The  points  of  interest  noted  in  regard  to  bread  are  the  weight  of 
loaves,  the  percentage  of  water  and  of  solids,  the  per  cent,  of  ash 
in  terms  of  solids,  the  acidity  and  the  price  charged  for  each  loaf. 

The  average  weight  of  loaves  was  found  to  be  404  grammes,  or 
13^  ounces. 

The  per  cent,  of  moisture  was  quite  uniform,  in  most  instances 
being  about  42  or  43  per  cent,  of  the  weight  of  the  loaf,  leaving  57 
or  58  per  cent,  of  solids. 

The  price  was  quite  uniformly  five  cents  per  loaf,  rarely  four 
cents,  for  loaves  of  ordinary  size  and  weight. 

No  adulterations  are  mentioned  by  the  analyst,  and  at  the  low 
price  of  flour  in  the  United  States  the  adulteration  of  flour  or  of 
bread  is  of  extremely  rare  occurrence. 

The  examination  of  samples  of  cheese  showed  a  fairly  uniform 
quality  and  price,  the  latter  being  at  sixteen  cents  per  pound. 

Omitting  four  samples  of  special  sorts,  the  average  total  solids 
were  found  to  be  66.3  per  cent.,  the  fat  35  per  cent.,  the  solids,  not 
fat,  31.3  per  cent.,  and  the  water  33.6  per  cent. 
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The  following  tables  present  the  usual  statistics  relative  to  the 
notices  sent  by  the  Board  to  parties  (usually  retailers)  from  whom 
samples  of  adulterated  food  or  drugs  have  been  obtained  during  the 
year :  — 

Cilies  and  Towns  to  which  Notices  were  sent  on  Account  of  Adulteraled  Ariickt  cf 

Food  other  Uian  Milk. 


Adams,  .... 

4 

New  Bedford,        .        .        .        .       1 

Boston,  .... 

.      43 

North  Adams, 

9 

1 

Cambridge,    . 

17 

North  Brookfield, . 

»               1 

»                               1 

>                              < 

Everett,. 
Fall  River,     . 

1 
.      17 

Orange, . 
Pittsfield, 

I                               1 

< 

1 

1 

Gilbertville,  . 

2 

Taunton, 

1 

1                               1 

t 

Gloucester,    . 

6 

Ware,     . 

1               < 

1                               1 

1                             1 

Holyoke, 

Hopedale, 

Lowell,  .... 

4 
1 
1 

Webster, 
Total,     . 

1               t 
* 

K                               4 

*                               1 

1                             1 

lis 

Medford, 

1 

Cilies  and  Towns  to  which  Notices  were  sent  on  Account  of  Adulteraled  Milk. 


Boston,  . 

Brockton, 

Brookline, 

Cambiidge, 

Canton,  . 

Chelsea, 

Dedham, 

Everett, . 

Fall  River, 

Fitchburg, 

Gloucester, 

Grafton, 

Hyde  Park, 

Lawrence, 

Littleton, 

Lynn,     . 

Maiden,. 

Marblchcad, 

Medfield, 

Medford, 

Milford, 

Nantasket  Beach, 

New  Bedford, 


10 
1 
1 

37 
1 

10 
7 

10 
6 
4 

15 
1 
6 
3 
2 

22 

21 
2 
3 
5 
2 
2 
2 


Newton, 
Norwood, 
Orange, . 
Pittsfield, 
Plymouth, 
Provincetown, 
Quincy, . 
Revere,  . 
Salem,  . 

Salisbury  Beach,   . 
Somerville,    . 
South  Framingham, 
Springfield,  . 
Stoncham,     . 
Taunton, 
Walpole, 
Waltham, 
Watertown,  . 
Wobum, 
Worcester,     . 


S 


Total, 


174 
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Cities  and  Towns  to  which  Notices  were  sent  on  Account  of  Adulterated  Drugs. 


Adams, 

1 

North  Adams, 

1 

Amherst,       .... 

2 

Palmer, .... 

1 

Boston, 

17 

Provincetown, 

1 

Brookline, 

1 

Springfield,    . 

1 

Gloucester,    .... 

8 

Taunton, 

6 

Millis, 

1 

• 

New  Bedford,        .        .        .        . 

2 

Total,     . 

.      86 

Prosecutions. 

In  the  last  report  a  condensed  summary  of  the  prosecutions  con- 
ducted by  the  Board  for  the  entire  period  since  the  enactment  of  the 
food  and  drug  statutes  was  presented.  The  same  table  is  herewith 
published,  together  with  the  results  of  the  prosecutions  of  the  year 
ending  Sept.  30,  1893  :  — 


Number  of  Complaints  Entered  in  Court. 


Tbab. 


Food 

oot  Includiog 

Milk. 


Drag!. 


Milk. 


ToUL 


ConyicUont. 


Flnei  ImpoMd. 


1883.  . 

1884,  . 
1885,* 

1886,t 

1887,  . 

1888,  . 

1889,  . 

1890,  . 

1891,  . 

1892,  . 

1893,  . 


Totals, 


2 

60 
10 
80 
22 
74 
78 
96 
52 
26 


440 


5 

4 

9 

1 

45 

48 

1 

68 

119 

— 

10 

20 

^ 

34 

64 

— 

43 

65 

— 

66 

140 

— ' 

24 

102 

5 

49 

150 

12 

72 

136 

3 

67 

96 

27 

482 

949 

8 
44 

103 
19 
60 
61 

124 
96 

135 

123 
92 


865 


f  2.042  00 
3.889  00 
3.919  00 
2.668  00 
3.661  70 
2,476  00 


18,655  70 


•  To  May  1, 1886. 


t  Four  moDtbi  only. 


X  No  record  kept. 


Katio  of  convictions  to  complaints,  91.1  per  cent. 


Note.  —  All  compLiints  entered  before  May  1.  1886.  were  under  the  direction 
of  the  Board  of  Health.  Lunacy  and  Charity,  and  all  after  that  date  were  under 
the  direction  of  the  State  Board  of  Health. 


660 


STATE  BOARD  OF  HEALTH.        [Pub.  Doc. 


Under  the  provisioDs  of  chapter  289  of  the  Acts  of  1884,  which 
require  the  Board  to  report  annually  to  the  Legislature  the  **  num- 
ber of  prosecutions  made  under"  the  food  and  drug  acts,  <<  and  aa 
itemized  account  of  all  money  expended  in  carrying  out  the  pro- 
visions thereof,"  the  following  report  was  transmitted  to  the  General 
Court  in  January,  1894  :  — 

Offiob  or  THB  Statb  Boa&d  of  Hsalth, 

13  Bbacox  Stbbbt,  Boston,  Jaonmrj,  18M. 

To  the  Honorable  Senate  and  House  of  BepreserUatives  of  the  CommonweaUh  <f 

Massachusetts^  in  General  Court  assembled. 

The  following  summary  is  made  in  compliance  with  the  provisions 
of  chapter  289,  section  2,  of  the  Acts  of  1884,  requiring  the  State 
Board  of  Health  to  <<  report  annually  to  the  Legislature  the  number 
of  prosecutions  made  under  chapter  263  of  the  Acts  of  1882,  and  an 
itemized  account  of  all  money  expended  in  carrying  out  the  provi* 
sions  thereof." 

The  whole  number  of  prosecutions  made  by  authority  of  the  Board 
against  offenders,  under  the  provisions  of  the  food  and  drug  acts, 
for  the  year  ending  Sept.  30,  1893,  was  96. 

The  cities  and  towns  in  which  the  articles  were  sold,  and  in 
respect  to  which  complaints  were  entered  in  court,  the  character  of 
the  articles  found  to  be  adulterated,  or  fraudulently  sold,  the  dates 
of  the  trials  and  their  result,  are  presented  in  the  following  table:  — 


Milk  and  Milk  Products. 
Complaints  Entered  far  FVaudulent  Sales  of  Milk. 


Place. 

DATS. 

RUULT. 

Id  Boston,    . 

.    Aug.      1,  1893, 

Convicted. 

Cambridge, 

.     June      9,  1893, 

tc 

Cambridge, 

.     June     17,  1893, 

ii 

Chelsea,  . 

.     March  24,  1893, 

»» 

Fall  River, 

.     April   27,  1898, 

ki 

Fall  River, 

.     May       4,  1893, 

44 

Fall  River, 

.     May       4,  1893, 

«i 

Fall  River, 

.     May       4,  1893, 

(4 

Fall  River, 

.     May       4,  1893, 

44 

Fall  River,       . 

.    June    20,  1893, 

44 

Salem,     . 

.    April   29,  1898, 

it 

Salem,     • 

.     Apnl   29,  1893, 

,                        «( 

Salem,     . 

.     AprU   29,  1898, 

,                        ** 
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For  FrafidulerU  Sales  of  Milk — Continued 

I. 

Placv.                                                        Dats. 

RSSULT. 

[n  Salem,     .         .         .         .    April   29,  1893, 

Convicted. 

Salem,     . 

>         1 

.     June    26,  1893, 

(I 

Salem,     . 

1         t 

Aug.    28,  1893, 

(( 

Salem,     . 

1         « 

.    Aug.    28,  1893, 

44 

Salem,     . 

I         1 

.     Aug.    28,  1893, 

44 

Taunton, 

t 

July     29,  1893, 

44 

Taunton, 

t 

t        1 

.     July     29,  1893, 

44 

Gloucester, 

1         • 

Jan.       3,  1893, 

44 

Gloucester, 

Aug.      2,  1893, 

44 

Gloucester, 

Aug.    31,  1893, 

44 

Quincy,   . 

>         1 

.     Aug.    24,  1893, 

44 

Quincy,   . 

»         1 

.     Aug.    24,  1893, 

44 

Chicopee, 

>         1 

.    June      9,  1893, 

44 

Woburn, 

»         1 

.     Nov.    16,  1892, 

44 

Spencer,  . 

1         t 

.     Oct.      18,  1892, 

44 

Hard  wick. 

1                     a 

.     Oct.       5,  1892, 

44 

Lee, 

1 

.     Oct.      25,  1892, 

44 

Carlisle,  . 

»                     i 

.     Nov.    25,  1892, 

44 

North  Adams, 

1                    < 

.     Nov.    10,  1892, 

44 

Greenfield, 

1                     1 

.     Nov.    11,  1892, 

44 

Oakham, . 

t                     < 

.     Jan.     28,  1893, 

44 

Canton,   . 

>                     1 

.     Jan.     11,  1893, 

44 

Dedham, . 

>                     t 

.     Feb.     23,  1893, 

44 

Sutton,    . 

1                     t 

.     March  24,  1893, 

44 

Berlin,     . 

1                     < 

.     May     20,  1893, 

44 

Topsfield, 

1                            4 

.     May     20,  1893, 

44 

Walpole, 

« 

June     13,  1893, 

»4 

Walpole, 

^ 

June     13,  1893, 

44 

Walpole, 

< 

Sept.      7,  1893, 

44 

Dover,     . 

)                     < 

.     June      3,  1893, 

4( 

Upton,     . 

1                    a 

.     July     31,  1893, 

4( 

Upton,     . 

>                    I 

.     July     31,  1893, 

44 

Westport, 

July     26,  1893, 

44 

Westport, 

*                   i 

.     July     26,  1893,     Plea  of 

nolo  contendere. 

Millis, 

1                    f 

.     Aug.    25,  1893, 

.     Convicted. 

Medfield, 

»                     a 

.     Aug.    25,  1893, 

44 

Medfield, 

• 

.     Aug.    25,  1893, 

44 

Medfield, 

1                     < 

.     Aug.    25,  1893, 

44 

Norwood, 

>                     < 

.     Sept.     2,  1893, 

44 

Norwood, 

• 

.     Sept.     7,  1893, 

44 

Norwood, 

• 

.     Sept.    30,  1893, 

44 
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For  Fraudulent  Sales  of  Milk — Concluded. 


Placb. 

Datb. 

RSSULT. 

Id  MendoD, 

.     Sept.      2,  1893, 

.     Convicted. 

MendoD, 

.     Sept.      2,  1893, 

44 

Upton,     . 

.     Sept.     2,  1893, 

(4 

Upton,     . 

.     Sept.      2,  1893, 

44 

Wrenthaiii, 

.     Sept.    25,  1893, 

44 

Provincetown, . 

.     Sept.      1,  1893, 

44 

• 

Total,  61  cases. 

In  Boston, 
Boston, 
Lowell, 
Lowell, 
Lowell, 
Lowell, 


For  Fraudulent  Sales  of  Butter 

.  Dec.     28,  1892, 

.  March  22,  1893, 

.  Jan.     21,  1893, 

.  Jan.     21,  1893, 

.  Jan.     21,  1893, 

.  Jan.     21,  1893, 
Total,  6  cases. 


Convi 


cted. 


In  Boston,    • 
Fall  River, 
Fall  River, 


Other  Articles  of  Food. 

Maple  Syrup. 

.  March  21,  1893, 
.  April  27,  1893, 
.     May      4,  1893, 


•    Acquitted. 
.     Convicted. 


44 


In  Boston, 
Boston, 


Maple  Sugar, 

April    19,  1893, 
AprU    19,  1893, 


.     Convicted. 

44 


In  Boston, 


Honey. 
Oct.     11,  1892, 


.    Convicted. 


In  Boston,    . 
Boston,    . 
Boston,    . 
North  Adams, . 
North  Adams,  • 
Hard  wick  (Gilbertville),  • 


Coffee. 

Nov.  29,  1892, 
Dec.  15,  1892, 
March  21,  1893, 
Oct.  20,  1892, 
Dec.  17,  1892, 
Oct     81,  1892, 


Convicted. 


cc 

C4 
CC 
CC 

«s 
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Molasses, 

PLAOK.  DATS.  BSSDLT. 

In  Taunton,  .         .         .     Sept.    23,  1893,  .         .  Convicted. 

Fall  River,       .         .         .     June    20,  1893,  .         .  " 

Fall  River,       .         .         .     June    20,  1893,  .         .  " 

Cassia. 

In  Fall  River,       .         .         .    April   20,  1893,  .         .  Convicted. 

Cloves. 

In  Hardwick  (GilbertvQle) , .     Oct.     31,1892,  .         .  Convicted. 

North  Adams,  .         .    Dec.     17,  1892,  .         .  " 

Pepper. 

In  Hardwick  (Gilbertville), .     Oct.     31,  1892,  .        .  Convicted. 

Fall  River,       .        .         .     April   20,  1893,  .         .  Acquitted. 

Taunton,  .         .         .     Sept.    23,  1893,  .         .  Convicted. 

Mustard. 

In  North  Adams,  .        •    Dec.     17,  1892,  .        .  Convicted. 

Boston,   ....     March  21,  1893,  .         .  " 

Gloucester,      .         .         .    Aug.      2,  1893,  .         .  ^^ 

Cream  of  Tartar. 

In  Hardwick  (Gilbertville) , .    Oct.     31,1892,  .        .  Convicted. 

Boston,    ....     Nov.    29,  1892,  .        .  '* 

Total,  26  cases. 

Drugs. 

In  Pittsfield,         .         .         .     Nov.    17,  1892,  .         .  Acquitted. 

North  Adams, .         .         .     Nov.    10,  1892,  .         .  Convicted. 

Boston,    ....     AprU      7,  1893,  .         .  " 

Total,  3  cases. 

SUMMART. 

Complaints  entered  in  court  under  the  acts  relating  to  inspec- 
tion of  milk  and  milk  products, 67  cases. 

Other  articles  of  food, 26    " 

Drugs, 3     " 

Total, 96  oases. 
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Summary. 

The  whole  number  of  complaints  entered  by  the  State  Board  of 
Health  in  the  courts  of  the  Commonwealth  against  parties  for  viola- 
tion of  the  acts  relating  to  food  and  drug  inspection  was  96.  Id 
92,  or  95.8  per  cent,  of  these,  the  parties  were  convicted.  Four 
were  discharged,  either  in  the  lower  or  in  the  upper  courts. 

Of  the  foregoing  cases,  61  were  for  violation  of  the  laws  relating 
to  milk  adulteration,  of  which  number  60  resulted  in  conviction. 

Nearly  all  of  the  cases  entered  for  violation  of  the  statutes  relat- 
ing to  the  sale  of  milk  were  entered  under  the  statute  which  pro- 
vides that  milk  offered  for  sale  shall  be  of  good  standard  quality, 
the  standard  being  defined  by  law. 

Six  complaints  were  entered  under  the  oleomargarine  laws,  etch 
of  which  resulted  in  conviction. 

There  were  also  twenty-six  complaints  for  fmudulent  sales  of 
other  articles  of  food,  in  all  of  which  except  two  the  parties  were 
convicted.  In  one  of  these,  a  complaint  for  fraudulent  sale  of  maple 
syrup,  it  was  claimed  that  the  crate  or  wholesale  package  was 
marked  with  the  word  *' compound,"  although  the  retail  package 
had  no  such  mark  to  indicate  the  character  of  its  contents.  Tbid 
is  only  one  of  many  instances  which  illustrate  the  difficulties  which 
are  liable  to  arise  under  the  provision  by  which  certain  articles  may 
be  sold  of  an  inferior  quality,  <*  provided  that  the  same  are  not 
injurious  to  health,  and  are  distinctly  labelled  as  mixtures  or  com- 
pounds." 

The  articles  of  food  embraced  in  the  foregoing  list  were  the  fol- 
lowing :  — 

Maple  syrup,  3  cases;  maple  sugar,  2;  honey,  1;  coffee,  6; 
molasses,  3 ;  cassia,  1 ;  cloves,  2 ;  pepper,  3 ;  mustard,  3 ;  cream 
of  tartar,  2. 

Of  the  samples  of  drugs  which  were  the  cause  of  complaints  at 
court,  one  case  was  for  refusal  to  furnish  samples  to  an  inspector; 
another  was  for  a  sale  of  a  poisonous  cosmetic ;  and  the  other  was 
for  a  sale  of  McMunn's  Elixir,  which  was  not  properly  marked  with 
a  poison  label,  in  compliance  with  the  Statute  of  1888  (cbapttf 
209). 

The  standard  of  whole  milk  in  Massachusetts  is  13  per  cent,  of 
solid  residue,  except  in  the  months  of  May  and  Jane,  when  il  is  H 
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3r  cent.     The  following  list  presents  the  total  solids  in  the  sarn- 
ies of  milk  upon  which  complaints  in  court  were  founded :  — 


4.72 

9.80 

10.83 

10.70 

11.15 

8.25 

9.82 

10.40 

10.73 

11.16 

8.48 

9.82 

10.40 

10.75 

11.20 

8.85 

9.95 

10.45 

10.79 

11.30 

9.15 

10.02 

10.50 

10.80 

11.35 

9.29 

10.21 

10.50 

10.94 

11.48 

9.31 

10.21 

10.55 

11.00 

11.48 

9.35 

10.25 

10.56 

11.04 

11.52 

9.44 

10.26 

10.60 

11.12 

11.74 

9.56 

10.26 

10.63 

11.12 

13.33 

The  total  number  of  samples  of  food  and  drugs  examined  during 
le  year  was  as  follows  :  — 

Milk, 3,224 

Other  articles  of  food, 3,009 

Drugs, 327 

Total, 6,560 

>tal  expenses  of  collection,  examination  and  prosecution,  .  $10,454  11 

^erage  expense  per  sample  collected,          •        •        •        •  1  59 


Fines. 

The  amount  of  the  fines  paid  into  the  treasuries  of  counties,  cities 
id  towns  under  the  provisions  of  the  general  and  special  laws  rela- 
v^e  to  the  inspection  of  food  and  drugs  was  as  follows :  — 

'nes  paid  for  Violation  of  the  Food  and  Drug  Acts,  upon  Cases  entered  for 

the  Year  ending  Sept.  30,  1893, 

ader  the  provisions  of  the  laws  relating  to  milk  and  milk 

products, $1,991  00 

ader  the  provisions  of  laws  relative  to  other  articles  of  food,  459  00 

Qder  the  provisions  of  laws  relative  to  drugs,      ...  26  00 


Total, $2,476  00 
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Expenditures 

Utider  the  Provisions  of  the  Food  and  Drug  Ads  during  the  Tear  ending  Sepi 

30, 1893, 


Fob  TBS  ExvoBOBMBirr  of  tbb  Stattth 
iSLATivo  TO  Food  avd  Dbto 
IxarscTiox. 


BeUtlT«  to  MOk 
and  llJIk  Ftx)dQcti. 


Relative  to  OtlMr 
Kinds  of  Foo4 184 
Drnga. 


Salaries  of  analysts, 

Salaries  of  inspectors, 

Trayelling  expenses  and  purchase  of  samples, 
Apparatus  ana  chemicals,     .... 
Rent  at  Harvard  Medical  School, 
Chemical  analysis  (by  other  chemists), 
Furniture  and  fittings  at  laboratory,     . 

Le^al  services, 

Printing, 

Gas, 

Extra  services, 


Total, 


$2,700  00 

2,400  00 

997  05 

145  00 

75  00 

20  00 

45  00 

4  85 

20  00 


$6,406  90 


$1,700  00 

1,500  00 

664  70 

90  63 

50  00 

200 

6  52 


13  86 
30  00 


$4,047  » 
6,406  90 


$10,454  11 


SAM'L  W.  ABBOTT, 

SecrtUxry. 


EEPORT  OF  m.  C.  P.  WOECESTER,  ANALYST. 
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REPORT  OF  DR.  C.  P.  WORCESTER,  ANALYST. 


Dr.  S.  W.  Abbott,  Secretary  of  the  State  Board  of  Health. 

Dear  Sir  :  —  I  have  the  honor  to  present  my  report  on  the 
analysis  of  food  and  drugs  for  the  year  ending  Sept.  30,  1893. 

The  work  during  this  year  has  been  done  in  the  room  rented  by 
the  Board  for  the  purpose,  at  994  Washington  Street.  The  labora- 
tory has  proved  suflScient  for  the  ordinary  routine  work,  but  for  any 
investigation  involving  special  apparatus  its  resources  are  too  limited. 
The  routine  analysis  this  year  has  been  similar  to  that  of  previous 
years. 

Milk. 


Total 
Milks  Col- 
lected. 


Abore 
Standard. 


Below 
Staodaid. 


Per  Cent. 

Below 

Standard. 


Lowest 
Sample. 


Nnmber  of 

Skimmed 

Milks. 


Citiea,        ....... 

Towns 

Baapected  producers,      .... 

Misecllaneoas, 

.    Total  milks. 


1,931 

639 

482 

21 


3,073 


1,001 

875 

159 

10 


1,545 


930 

204 

828 

11 


1,528 


48.1 
41.8 
8T.0 
52.4 


49.7 


7.42 
9.19 
4.72 


4.72 


18 
2 


15 


The  percentage  of  samples  below  standard  is  49.7,  practically  the 
same  as  that  of  last  year,  which  was  48.2  per  cent. 

The  relative  advantages  of  the  various  processes  for  the  analysis 
of  milk  have  been  discussed  at  great  length  in  the  many  text-books 
and  in  meetings  of  analysts  the  world  over.  For  the  purpose  of 
determining  the  total  solids  there  is  no  readier  method  that  is  rea- 
sonably accurate  than  the  evaporation  of  a  weighed  quantity  of  milk 
over  steam  in  flat-bottomed  platinum  capsules.  The  determination 
of  the  fat  by  benzine  extraction  of  this  dry  residue  has  proved  an 
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easy  method,  but  it  is  accurate  within  rather  wide  limits^  and  there 
is  an  element  of  danger  in  the  evaporation  of  large  quantities  of  ben- 
zine in  the  laboratory. 

These  objections  are  met  by  the  so-called  Babcock  process  for  the 
estimation  of  fat  which  we  have  adopted  during  this  year.  This 
process  is  too  universally  known  and  accepted  to  require  any  descrip- 
tion. It  depends  upon  the  decomposition  by  sul[)huric  acid  of  the 
proteids  of  a  measured  quantity  of  milk  and  the  subsequent  sepan- 
tion  of  the  clear  fat  in  a  form  to  be  easily  measured.  The  complete 
separation  of  the  fat  is  accomplished  by  means  of  a  centrifugil 
rotator. 

The  actual  work  involved  in  this  process  is  but  little  more  than  in 
the  benzine  extraction,  and  the  results  are  much  more  accurate. 
The  accuracy  of  the  process  is  universally  admitted.  In  compara- 
tive  analyses  our  experience  has  been  that  the  fat  by  the  Babcock 
method  has  always  exceeded  that  found  by  the  benzine  extraction, 
while  it  closely  agrees  with  the  accurate  but  tedious  **  Adams  proc- 
ess," in  which  a  weighed  quantity  of  milk  is  dried  on  a  coil  of  c.  p. 
filter-paper,  and  is  subsequently  treated  with  ether  or  benzine  in  a 
Soxhlet  extraction  apparatus. 

The  Babcock  process  is  particularly  useful  in  estimating  the  fat 
of  skimmed  or  of  sour  milk,  for  the  old  benzine  extraction  of  the 
dried  solid  residue  in  these  instances  has  always  been  most  unsatis- 
factory, since  the  residue  is  so  hard  and  solid  in  the  case  of  skimmed 
or  sour  milk  that  the  fat  solvent  has  difficulty  in  penetrating. 

As  in  previous  years  the  determination  of  fat  has  been  confined  to 
the  poorer  samples. 

There  have  been  found  this  year  but  few  specimens  of  milk  sopbia- 
ticated  with  artificial  coloring  or  preservatives.  The  color  used  io 
these  cases  was  annatto ;  the  preservative,  boracic  acid. 

The  following  tables  show  in  detail  the  result  of  the  analysia  of 
milk  from  the  cities  and  towns  of  the  State  in  which  collections  were 
made  (excepting  the  four  western  counties),  and  also  from  suspected 
producers. 
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Milk  fhom  Cities. 


CiTIKS. 

Total 
MUks  Col- 
lected. 

Abore 
Standard. 

Below 
Standard. 

Percent. 

Below 
Standard. 

Total 
SoUds  In 
Lowest 
Sample. 

Nomber  of 

Skimmed 

MUkf. 

176 

Ill 

64 

86.6 

11.24 

1 

3 

12 

7 

5 

41.7 

11.51 

. 

ge, 

823 

175 

148 

45.8 

8.58 

1 

131 

01 

70 

53.4 

8.02 

6 

»r, 

101 

67 

84 

33.6 

9.35 

. 

-g* 

24 

7 

17 

70.8 

9.40 

. 

er 

90 

27 

63 

70.0 

8.67 

.. 

» 

24 

15 

9 

87.5 

9.99 

1 

12 

9 

8 

25.0 

12.03 

. 

141 

40 

95 

67.3 

7.42 

1 

148 

66 

82 

55.4 

8.93 

• 

ragh, 

8 

7 

1 

12.5 

12.68 

. 

1         •              •              •              •              a              •              • 

78 

49 

29 

87.2 

9.94 

» 

Iford 

20 

18 

8 

80.8 

11.17 

. 

24 

9 

15 

62.5 

10.50 

. 

99 

58 

41 

41.4 

9.15 

. 

lie 

294 

134 

160 

54.4 

9.75 

1 

56 

43 

18 

23.2 

9.82 

. 

a> 

40 

80 

10 

25.0 

11.42 

• 

(«••        .•>• 

81 

40 

41 

50.6 

10.26 

. 

er 

44 

22 

22 

50.0 

10.82 

8 

1,931 

1,001 

980 

48.1 

7.42 

13 

Milk  from  Towns. 


TOWKS. 


Total 
MUks  Col- 
lected. 

Above 
Standard. 

Below 
Standard. 

Per  Cent. 

Below 
Standard. 

12 

10 

2 

16.6 

83 

48 

85 

42.2 

17 

13 

4 

28.5 

54 

87 

17 

31.5 

57 

29 

28 

49.1 

6 

4 

2 

33.3 

12 

10 

2 

16.6 

13 

4 

9 

60.2 

50 

27 

82 

54.2 

12 

8 

4 

33.3 

72 

80 

42 

58.3 

12 

4 

8 

66.6 

24 

21 

8 

12.5 

21 

13 

8 

38.1 

12 

7 

5 

41.6 

4 

1 

8 

76. 

40 

29 

11 

27.5 

10 

10 

0 

0.0 

34 

16 

18 

52.9 

16 

0 

10 

62.5 

21 

10 

5 

23.8 

5 

3 

2 

40. 

13 

9 

4 

30.7 

13 

5 

8 

61.5 

8 

0 

2 

25. 

9 

9 
875 

0 

0.0 

639 

264 

41.8 

Total 
Solids  in 
Lowest 
Sample. 


Number  of 

Skimmed 

Milks. 


ie,         ... 

I,    .        .        .        . 

rham,    . 

rid,         .        .        . 

»rk:   :    :    : 

ead, 

I 

■        .        .        • 

d,:    :    :    : 

Lh.'    '.    '.    ; 

stown,  . 

h 

m,  .       .        . 

3n,  ... 

id,  .        .        . 

m  (Onset  Bay),  . 

wn, 

ath,  . 

>P»  .       .       . 


12.11 
11.83 

9.84 
10.02 
10.40 
11.32 
12.50 
10.00 
10.  &0 

9.19 

9.38 
11.80 
12.39 

9.81 
10.06 
11.47 

9.28 
13.40 
10.45 
11.80 
12.11 
11.19 
12.08 
10.35 
12.35 
12.70 

9.19 
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Milk  from  Suspected  Producebs. 


SCSPBOTXD  PxoDucni. 


Total 
MUks  Col- 
lected. 


Abort 
StandAid. 


B«low 
Standmrd. 


Per  Cent 

Below 
Standard. 


Total  SoM 

In  LowMl 

tiampli. 


ActODi 
Berlin, 
Blllevica,   . 
Brookfleld, 
Carliale,    . 
Charlton,  . 
Chelmsford, 
Coneord,   . 
Dover, 
Framlngham, 
Grafton,    . 
HolUston,  . 
Hopedale, . 
HopkintoD, 
Lincoln,    . 
Littleton,  . 
Ifaynard,  . 
Hedfleld,  . 
ICedway,   . 
Hendon,    . 
MUUs, 
Norfolk,    . 
Northboroagh, 
Norwood, . 
Salisbury, . 
Shirley,     . 
Southborough, 
Batton, 
Upton, 
Waltham,  . 
Walpole,   . 
Weoham,  . 
Westborough, 
Westport, . 
Wrentham, 


16 

16 

19 

6 

6 

89 

19 

4 

IS 

6 

12 

4 

4 

8 

15 

22 

6 

46 

8 

18 

9 

8 

12 

28 

18 

6 

6 

10 

17 

4 

21 

11 

84 

20 

12 


482 


4 
7 

12 
0 
1 
27 
18 
0 
6 
0 
0 
0 
0 
4 
6 
6 
0 
10 
2 
4 
8 
8 
5 
11 
8 
0 
8 
1 
1 
2 
4 
2 
4 
10 
2 


IM 


11 
8 
7 
5 
4 

12 
6 
4 
6 
6 

12 
4 
4 
4 

10 

17 
6 

88 
1 
9 
0 
0 
7 

17 

10 
6 
2 
9 

16 
2 

17 
9 

80 

10 

10 


78.3 
53.3 
86.8 

100. 
80. 
30.8 
31.6 

100. 
50. 

100. 

100. 

100. 

100. 
50. 
60.6 
77.8 

100. 
78.4 
33.3 
69.2 
66.6 
0.0 
58.8 
60.7 
55.5 

100. 
40. 
00. 
04.1 
50. 
90.9 
81.8 
88.2 
50. 
88.8 


<7.0 


10.41 
9.92 
12.14 
9.II 

4.TS 
9.lt 

11.T0 

10.40 
•.« 

II.IT 

10.04 

».n 

11.14 
ll.M 
11.4t 
IMS 
10.41) 
IS.M 
lO.Sl 
11.00 
1S.« 
llM 
10.6 
•.4» 

ii.n 

».« 
9.21 

ll.fl 

l.4t 
HJI 

llJi 
1IJ4 

lUl 

4.n 
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The  comparisoD  of  the  quality  of  samples  by  months  is  of  some 
interest  in  view  of  the  efforts  made  to  reduce  the  standard  during 
the  spring  and  summer  months. 

For  this  purpose  the  following  tables  have  been  prepared,  show- 
ing the  percentage  of  adulteration  during  the  months  of  the  pre- 
ceding as  well  as  of  the  present  year,  with  both  12  and  13  per  cent, 
assumed  as  a  standard  through  the  whole  year :  — 


QuAUTT  OF  Milk  bt  Months.    Year  Endino  Sept.  30,  1892. 


Moimu. 

Total 
Mllkt  Col- 
lected. 

AbOTelS 
Percent. 

Below  13 
Per  Ceut. 

Below  13 
l*er  Cent. 

Per  Gent,  of 

AdQltenitton, 

18  Per  Cent. 

SUndMd. 

Per  Cent,  of 

Adulteration, 

12  Per  Cent. 

Standard. 

1 
October, 805 

164 

161 

42 

40.6 

18.7 

KovMiibcri 

W 

104 

OS 

26 

47.2 

11.0 

December, 

142 

81 

w. 

10 

42.0 

11.2 

jAOoary, . 

103 

102 

ei 

8 

37.3 

4.0 

Febnury, 

;        240 

lie 

121 

80 

60.4 

12.6 

March,     . 

.  1        280 

08 

141 

44 

60. 

18.4 

Aprlt,      . 

330 

161 

186 

40 

66. 

14.0 

May.        .       . 

203 

126 

106 

43 

60.8 

14.0 

June, 

254 

01 

102 

43 

03.8 

10.0 

July. 

.  ■        253 

80 

104 

04 

04.8 

25.2 

August,   . 

238     . 

OS 

170 

42 

71.4 

17.0 

September, 

359 

128 

231 

03 

04.8 

17.6 

Average, 

- 

- 

65.2 

15. 

Qi.ALiTY  OF  Milk  by  Months.    Year  Ending  Sept.  30,  1893. 


MuSITHS. 


Above  18 
Per  Cent. 

Below  18 
Per  Cent. 

Below  12 
Per  Cent. 

140 

120 

28 

187 

117 

37      1 

117 

143 

49 

51 

GO 

17 

37 

72 

26 

103 

128 

40 

120 

137 

60 

86 

105 

00 

94 

200 

32 

91 

207 

85 

134 

289 

122 

107 

157 

41 

- 

- 

- 

Per  Cent,  of 

Adulteratlun, 

13  i*tT  Cent. 

Standard. 


Per  Cent,  of 

Adultenitlou, 

12  Per  Cent 

Standard. 


October 272 

November, 304 

December, 200 

January, Ill 

February >  109 

March 231 

April, '257 

May I  250 

June, I  204 

July '208 

Anguet, I  423 

September, 204 

Average, 


40.3 

38.4 

65. 

64. 

00. 

65.4 

53.2 

00. 

08. 

09.4 

08.3 

69.5 


58.5 


10.3 

12.1 

18.8 

15.3 

22.0 

17.3 

10.4 

24. 

10.0 

28.6 

28.8 

15.6 


18.0 
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Condensed  Milk. 

Samples  of  condensed  milk  and  so-called  *<  evaporated  cream" 
were  analyzed  for  total  solids  and  fat  with  the  following  results,  the 
fat  being  obtained  by  benzine  extraction  :  — 


IVSPXOTOIB' 
NUMBKB. 


Brand. 


Character  of  Sample. 


Per  Cent 
SoUds. 


Per  Cent 

SoUda 

not  Fat. 


Per  Cent. 
Fat. 


Per  Oot 
W«t«. 


18670  . 

18672  . 

1024  . 

16431  . 

1088  . 

8406  . 

88  . 

127  . 

10«3  . 

1086  . 

2100  . 

2838  . 

2613  . 

2876  . 

8123  . 


St.  Charles, 

Highland* 

St.  Charlaa, 

Baby,    . 

J.  B.  Smith, 

Newport, 

PnrlUo, 

Maine  Jersey, 

Full  Weight, 

Sovereign, 

Winner, 

Fisherman's, 

Champion, 

Twitchel  Champltn  Co. 

Dime,    . 


Evaporated  cream. 


(( 


«« 


Condensed  milk, 
(I  (I 


(( 
(( 
«( 
«( 

<« 
(( 
(( 
«« 


<( 


(i 


<( 


i( 


(« 


(i 


(I 


(( 


«i 


i« 


81.87 

20.83 

31.00 

26.70 

31.00 

20.74 

07.20 

60.70 

76.43 

63.66 

68.32 

01.10 

78.36 

08. 

00.02 

02.76 

74.46 

67.16 

71.76 

66.00 

68.00 

02.00 

60.10 

63.07 

74.20 

66.60 

72.20 

60.80 

72.10 

60.00 

6.04 
6.90 
4.36 
7.60 
11. T8     I 

7.22    I 

I 
10.35    , 

6.27 

7.29 

6.75    ) 

6.00    j 

6.03     ; 

8.70 

12.40 

12.10    ' 


68.13 
68.40 
68.91 
33.  M 

31. M 
21.61 
30.M 
25.U 
28!$$ 
32.00 
30.90 
25.N 
JT.» 
2T.90 


Cheese, 

Seventy-three  samples  of  cheese  have  been  examined  and  no  case 
of  fraudulent  adulteration  has  been  found.  A  series  of  forty-one 
samples  were  obtained  at  different  times  from  the  poorer  quarters  of 
Boston,  and  were  analyzed  immediately  after  purchase,  before  any 
appreciable  loss  of  water  by  evaporation  could  take  place,  with  the 
following  results :  — 


iNSPKCTOaa*  KUMBXB. 


Per  Cent 
Solids. 


Per  Cent. 
Fat 


Percent 

Solids 
Not  Fat. 


Percent 
Water. 


Percent 

Fat  In 

Total  SoUds.; 


Price  ptf 


6241 
6280 
6287 
6286 


66.04 
06.06 
62.86 
66.18 
66.00 


87. 
26. 
84. 
86. 


28.04 
20.06 
86  .SO 
82.18 
tl.OO 


88.06 
8S.M 
8T.64 


6T.64 
66.01 
41.« 


C«ati. 

17 

16 
10 
18 
16 
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Inspectors'  Nl-sibbr. 

Per  Cent. 
Solids. 

Per  Cent 
Fat. 

Per  Cent 

Solids 
Not  Fst 

Per  Cent 
WaUr. 

Per  Cent 

Fat  in 

Total  Solids. 

Price  per 
Pound. 

5231 

88.14 

88. 

80.14 

31.80 

56.n 

Cents. 
10 

5229. 

, 

02.14 

82. 

80.14 

87.80 

61.49 

10 

6227. 

00.00 

86. 

81.60 

88.40 

52.66 

10 

5325. 

61.19 

84. 

80.19 

86.81 

62.97 

10 

5327. 

07.26 

87. 

30.26 

82.74 

55.01 

10 

5331. 

06.70 

85. 

81.76 

88.24 

62.41 

10 

5333. 

66.24 

87. 

29.24 

83.70 

66.86 

10 

5335. 

68.81 

88. 

30.84 

81.10 

56.20 

18 

5323. 

64.32 

85. 

29.82 

86.08 

64.41 

16 

5821. 

1        00.36 

86. 

25.36 

80.61 

67.98 

10 

5815 . 

1        72.30 

87. 

86.30 

27.70 

61.17 

16 

5917 . 

60.40 

84. 

26.40 

89.60 

66.29 

10 

5S19. 

66.00 

80. 

29.00 

86.00 

66.88 

10 

5811. 

63.72 

85. 

28.72 

86.28 

64.92 

10 

5800. 

70.12 

87. 

83.12 

29.88 

62.76 

le 

5813 . 

70.37 

82. 

88.87 

29.68 

46.47 

10 

6827. 

09.10 

89. 

80.10 

81.90 

66.44 

10 

5825. 

72.62 

40. 

82.62 

28.48 

66.16 

10 

6829. 

68.98 

88. 

80.98 

81.07 

66.13 

10 

5831. 

62.88 

80. 

26.88 

87.12 

67.28 

10 

6837. 

69.43 

85. 

24.48 

40.67 

68.89 

10 

5835. 

62.09 

32. 

80.09 

37.91 

61.63 

10 

6838. 

. 

66.89 

29. 

26.89 

44.11 

61.89 

10 

6839. 

. 

67.92 

40. 

27.92 

82.08 

68.89 

10 

6908. 

67.94 

86. 

82.94 

82.06 

61.61 

10 

6889. 

70.49 

82. 

88.49 

29.51 

46.89 

10 

6895. 

^ 

70.31 

87. 

88.81 

29.69 

52.62 

10 

6678. 

09.99 

89. 

80.99 

80.01 

66.72 

le 

6901. 

09.88 

86. 

83.83 

80.17 

61.66 

10 

6897. 

09.14 

86. 

83.14 

80.86 

62.06 

18 

6899. 

69.01 

27.  — 

42.01 

• 

80.99 

89.12 

10 

6829* 

' 

44.43 

8. 

41.48 

55.67 

6.76 

14 

6387t 

44.20 

26. 

18.20 

66.74 

68.74 

- 

6389t 

61.80 

46. 

10.80 

88.70 

73.49 

20 

17279t 

44.70 

6.2 

89.60 

66.80 

11.63 

- 

Arermj 

!«>!• 

66.85 

35. 

31.86 

83.66 

52.76 

- 

*  Skimmed  milk  eheese. 
t  Cream  cheese. 


t  Nenfchatel  cheese. 

f  Averftge  is  exclnsive  of  last  four  samples. 
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It  will   be  noticed  that  with  few  exceptions  the   uniform  retail 
price  of  whole-milk  cheese  was  found  to  be  sixteen  cents  per  pound. 
The  exceptions  were  the  skimmed-milk  cheeses  and  remnant  lots  of 
poor  quality  which  were  cheaper  and  the  extra  cream  cheeses  which 
were  more  expensive.     This  means  two-thirds  of  a  pound  of  milk 
solids  for  sixteen  cents,  or  one  pound  for  twenty-four  cents.     Now, 
twenty-four  cents  will  buy  at  retail,  as  a  rule,  four  quarts  of  standard 
milk ,  which  contain  approximately  one  pound  of  milk  solids.    Weight 
for  weight,  then  (water  excluded),  cheese  and  milk  are  sold  prac- 
tically at  the  same  rate.     It  should  be  added,  however,  that  nearly 
one-third  of  the  milk  solids  is  sugar,  a  much  cheaper  element  of 
food  than  the  fat  and  proteids  which  are  in  greater  proportion  in 
cheese.     The  percentage  of  fat  determined  by  the  Babcock  process 
in  terms  of  solids  averaged  53  per  cent.,  a  somewhat  high  ratio. 
Of  standard  milk  the  fat  is  28  per  cent,  in  terms  of  the  solids,  tbe 
smaller  ratio  being  due  chiefly  to  the  excess  of  sugar  in  the  milk 
solids. 

Butter. 

In  but  one  instance  has  the  fraudulent  substitution  of  oleomarga- 
rine for  butter  been  found.  Four  hundred  and  seventeen  samples 
of  butter  have  been  analyzed  and  twenty-four  of  oleomargarine. 

Bread. 

Fifty-nine  samples  of  bread,  chiefly  of  cheap  white  bread,  were 
collected  from  the  poorer  classes  of  bakeries  and  grocers*  shops  in 
order  to  ascertain  what  sort  of  bread  is  furnished  to  the  poorer 
classes  who  usually  depend  on  the  '*  comer  grocery"  for  their 
supply. 

Inspection  showed,  as  a  rule,  loaves  which  were  not  far  from  the 
standard  "home-baked  family  loaf."  They  showed,  as  a  rule,* 
thorough  baking,  though  there  were  not  a  few  exceptions  to  this 
rule;  they  were  well  **  raised,"  had  a  good  crumbling  fracture, 
were  not  tough  and  soggy,  nor,  on  the  other  hand,  were  they  ove^ 
raised,  with  a  dry  and  spongy  texture.  The  majority  had  the 
sweet,  agreeable  odor  and  taste  described  as  the  '*  nutty  flavor" 
characteristic  of  a  well-made  loaf.  In  a  number  of  instances,  how* 
over,  there  was  distinctly  perceptible  a  musty  flavor,  amounting  io 
some  cases  to  a  downright  sour  odor  and  taste.  This  soorocss 
seems,  at  least  in  part,  to  be  due  to  a  bacterial  growth  attended  bj 
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the  production  of  lactic  acid  or  of  acid  salts.  At  what  stage  in  the 
process  of  manufacture  this  incipient  decomposition  has  taken  place 
it  is  impossible  to  determine  without  a  careful  investigation  of  each 
step  in  the  process  of  making  every  loaf. 

The  souring  of  bread  may  usually  be  traced  to  poor  materials  or 
to  uncleanness  in  the  manufacture.  Chief  among  the  unsound  mate- 
rials which  may  contribute  toward  this  sourness  are  usually  noted 
damaged  flour  and  decomposing  yeast.  So  far  as  has  been  investi« 
gated  the  use  of  unsound  flour  is  not  practiced  in  this  part  of  the 
country.  The  yeast  generally  used  is  of  excellent  quality.  It  is  a 
stiff,  smooth  mash,  put  up  usually  in  small  tin-foiled  cakes,  and 
kept  in  a  cool  place.  Under  the  microscope  this  mash  is  seen  to  be 
composed  of  about  equal  parts  of  potato  or  corn  starch  and  yeast 
spores.  It  has  a  distinct  yeasty  odor,  and  but  rarely  is  it  strongly 
acid  in  reaction.  To  the  almost  universal  use  of  good  sweet  yeast  of 
this  variety  in  the  small  bakeries  is  doubtless  due  no  small  share  in 
the  great  improvement  in  quality  of  the  common  baker's  loaf  of  to- 
day as  compared  with  that  of  ten  or  more  years  ago. 

A  vigorous,  pure  yeast  which  will  "raise"  quickly  is  a  great 
preventive  against  sour  bread,  for  not  only  is  it  comparatively  free 
from  the  germs  and  products  of  lactic  acid  decomposition,  but  by 
doing  its  work  quickly  it  enables  the  baker  to  check  the  fermenta- 
tion or  ''raising"  process  before  the  lactic  acid  or  sour  decompo- 
sition is  reached. 

The  degree  of  sourness  of  the  samples  of  bread  examined  has 
been  roughly  measured  and  compared  by  titrating  or  neutralizing 
10  grammes  of  the  crumb,  rubbed  up  with  water,  with  a  decinormal 
soda  solution.  To  neutralize  the  acidity  of  10  grammes  of  the  nor- 
mally sweet  loaf  an  average  of  2  cubic  centimeters  of  the  soda  solu- 
tion was  required.  This  would  correspond  to  0.72  grammes  of 
lactic  acid  per  loaf  of  an  average  weight  of  about  400  grammes. 
The  loaf  exhibiting  the  maximum  sourness  or  acidity  required  10 
cubic  centimeters  per  10  grammes  of  bread  corresponding  to  11.61 
grammes  of  lactic  acid  per  loaf  of  1,291  grammes. 

The  so-called  black  bread  (rye  bread),  which  finds  a  ready  sale 
among  our  foreign  population,  is  notably  sour  and  heavy,  and  ap- 
parently its  sourness  is  valued  by  this  class.  A  sour  bread  is  un- 
desirable, not  only  because  it  is  unpalatable  but  also  because  of  tho 
bacterial  processes  of  decomposition  which  this  acidity  indicate.^, 
and  which  may  seriously  interfere  with  digestion. 
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Bread. 


IntrBCToaa' 

MiTMBBB. 

Weight  of  Loaf  In 
Orammes. 

m 

1 

Percantage  of  SoUda. 

a 

ja  ^ 
<  = 

1 

Acidity.   Coble  C«n- 
timetere    of   Soda 
Solution  Required 
to    Neutralise    10 
Oma.  Frcah  Bread. 

Price  of   Loaf  in 
Cents. 

Deaciiptlon. 

• 

4761    . 

480 

42 

58 

1.08 

2.6 

White. 

4763    . 

434 

83 

67 

1.10 

2.7 

White. 

4766    . 

840 

43 

67 

0.60 

2.2 

White. 

4703    . 

680 

41 

50 

0.00 

2.7 

10 

White. 

4705    . 

- 

43 

57 

1.30 

8.0 

White. 

4800    . 

417 

42 

68 

0.06 

- 

White,  with  caraway  •eed. 

6SM6    . 

800 

45 

55 

1.00 

2.6 

While. 

6263    . 

457 

43 

57 

0.02 

- 

White. 

6247     . 

873 

40 

60 

1.44 

4.8 

White,    OTer-ralaed,    dry    i 

6240    . 

887 

80 

61 

1.04 

- 

spongy. 
White,  oTer-ralaed. 

6251    . 

408 

42 

68 

1.18 

8.5 

White. 

6253    . 

400 

41 

60 

1.28 

1.8 

White,  from  •'  N.  E.  kitcbeo. 

6601     . 

464 

42 

68 

0.68 

- 

White,  anderdooe. 

6603    . 

410 

44 

66 

1.05 

- 

White. 

6695    . 

387 

43 

67 

1.40 

3.3 

White,  OTer-raised,  spoogy* 

6607    . 

431 

43 

57 

0.83 

3.8 

White. 

6699     . 

450 

42 

68 

1.00 

3.0 

While. 

6701    . 

387 

41 

50 

1.16 

1.0 

White,  *'  milk  loaf.'* 

6703    . 

820 

42 

58 

1.40 

2.1 

White. 

6705    . 
6707     . 

502 

1 

1      415 

43 
43 

57 
57 

1.83 
0.65 

6.2 
1.3 

White,  glaxed  roll  loaf,  tosf 

and  sour. 
White,  uDderdooe. 

6709     . 

1 

450 

43 

57 

0.85 

1.4 

White,  underdone 

6713    . 

495 

42 

68 

0.95 

1.7 

White,"  shortened ." 

6715    . 

422 

42 

58 

1.27 

- 

White. 

6717    . 

'      415 

42 

58 

1.00 

White. 

6719    . 

1       654 

44 

56 

1.00 

1.8 

10 

White,  «•  milk  loaf." 

6721     . 

'      420 

42 

68 

1.15 

1.8 

_ 

White. 

6723    . 

547 

30 

.1 

0.85 

3.2 

• 
0 

White,  OTer.raised,  onderdos*- 

6725    . 

422 

42 

58 

0.02 

2.1 

White. 

6727     . 

382 

42 

58 

0.80 

1.7 

White. 

6511    . 

264 

^ 

56 

0.85 

1.4 

White.  ••PrMchloef.** 

6500    . 

461 

41 

60 

0.64 

2.4 

White. 

6507    . 

441 

42 

68 

0.60 

1.0 

While,  nadcidoM. 

6505     . 

653 

44 

66 

1.60 

7.0 

While,  ytUowlikt  MV» 
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Bread  —  CoDcluded. 


■■=r- 

5 

1 

1      1 

1  i 

i 
[ 

ffll 

i 

I>Fi<rrlptlan. 

BIOS    .       .        . 

431 

42 

M          0 

IS 

3.0 

WhlMi. 

DtOl 

m 

43 

IT          1 

so 

1 

Wtilla 

E 

«33 

41 
41 

M          I 

M          0 

I 

1 

1 

■While 
Whlu 

WS9 

4IS 

43 

SB           0 

10 

3 

WblM 

Whll. 

'■  f  tench  roll." 

Mlt 

417 

41 

U          I 

M 

s 

While 

H»T' 

«13 

4St 

44 

»s        0 

M 

I 

While 

ttii 

sia 

41 

M          1 

U 

4 

Orahim. 

«513 

41« 
40T 

4S 

40 

*T          I 
CO           1 

4S 

W 

1 

Qnhkm. 
Onh.io. 

«!11 

4311 

43 

M          1 

» 

S 

Onbam. 

usa 

609 

4S 

»          I 

46 

Qrmhim. 

48W 

44£ 

40 

SO     i    1 

10 

3.i 

0»him. 

M» 

MI 

41 

M          1 

10 

Whol.wh«.tbr«*a. 

HID 

104 

41 

U          S 

«i 

l.I 

■'Uomn..-' 

4:mi 

1»1 

4t 

U          1 

IS 

10.0 

"BlukbiBad--(irel. 

MIT 

urn 

4T 

U          3 

30 

"Bliokbrud." 

4«M 

41T 

» 

B8          D 

H 

••SHKlbreul." 

U31 

soo 

4S 

U          3 

M 

Brown  b.»d. 

M39 

HD 

« 

"          • 

M 

' 

"Knuker-brod." 

A 

«.. 

KhtoriM 

...,h. 

■  bnid  )•  40 

4b» 

.  u 

ml  prlc 

i>av« 

omU.    ATeni*  pOTMDt- 

The  microscopic  examiaation  of  orer  1,400  samples  of  groand 
spices  resulted  ia  the  discovery  of  189,  or  14  per  cent,  of  adulterated 
samples. 

Allspice. 

Adulteration,  5  per  cent.  Adulterants  found  were  wheat,  com, 
ginger  and  nut  shells. 
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Cassia. 

Adulteration,  7  per  cent.  Adulterants  found  were  ginger,  bark 
of  some  variety,  wheat,  pease,  sawdust  and  nut  shells.  The  worst 
specimen  contained  75  per  cent,  of  wheat. 

Cayenne, 

Adulteration,  38  per  cent.  Adulterants  found  were  corn,  wheat, 
ginger,  nut  shells  and  turmeric.  The  worst  specimen  contained  90 
per  cent,  of  wheat,  corn,  turmeric  and  cocoanut  shells.  Many  of 
these  samples  were  purchased  as  *'  capsicum"  from  drug  stores,  and 
in  these  instances  the  percentage  of  adulteration  was  higher  than  the 
average. 

Cloves. 

Adulteration,  13  per  cent.  Adulterants  found  were  corn,  wheat, 
allspice,  nut  shells,  pease,  ginger,  pepper,  charcoal,  dirt,  turmeric 
and  clove  stems.  The  worst  specimen  contained  70  per  cent,  of 
nut  shells,  pease  and  ginger. 

Ginger. 

Adulteration,  7  per  cent.  Adulterants  found  were  corn,  wheat, 
rice  and  turmeric.  The  worst  specimen  contained  40  per  cent,  of 
corn  and  turmeric. 

Mace. 

The  only  adulteration  found  was  the  apparently  accidental  ad- 
mixture of  other  spices  in  one  instance. 

Mustard. 

Adulteration,  27  per  cent.  Adulterants  found  were  wheat,  com, 
rice,  cayenne,  mustard  hulls,  tapioca  and  turmeric,  the  latter  being 
added  for  color  both  in  the  ground  form  and  in  the  form  of  an  ex- 
tract. The  worst  specimen  contained  but  a  small  trace  of  miistardt 
the  other  constituents  being  the  first  four  of  the  above-named  adul- 
terants, colored  with  turmeric. 

Nutmeg. 
No  adulteration  found. 
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Pepper. 

Adulteration,  11  per  cent.  Adulterants  found  were  wheat,  buck- 
wheat, corn,  sawdust,  cayenne,  nutshells  and  charcoal.  The  worst 
specimen  contained  90  per  cent,  of  wheat,  buckwheat  and  cayenne. 

Baking  Potcdei\ 
Of  eight  brands  of  baking  powder  examined,  six  contained  alum. 

Canned  Goods. 

Of  nineteen  samples  of  canned  goods  of  various  kinds,  none  were 
found  to  contain  any  harmful  preservative  or  metallic  poison. 

Chocolate. 
No  adulteration  was  found  in  the  five  samples  submitted. 

Confectionery. 

Of  the  fifty-nine  samples  examined,  all  but  two  were  composed  of 
edible  and  non-injurious  constituents,  such  as  cane  sugar,  glucose, 
and  wheat,  corn  and  potato  starch.  Two  samples  contained  paraflSn 
in  considerable  amount  and  turpentine,  which  was  added  doubtless 
under  the  name  of  **  Essence  of  Lemon." 

Coffee. 

Adulteration,  30  per  cent.  Adulterants  found  were  chicory, 
pease,  wheat,  wood,  charcoal  and  dried  grains  composed  of  ground 
pea  hulls  and  molasses.  The  worst  case  of  adulteration  contained 
50  per  cent,  of  pease  and  chicory,  while  a  **  compound  cofiec"  was 
found  to  contain  no  cofiee  whatever.  A  cofiee  substitute  and  adul- 
terant was  found  to  consist  of  small  brown  pellets  of  about  the  size 
of  coffee  beans,  but  composed  of  wheat  mash,  mixed  with  a  red 
oxide  of  iron  for  a  color,  and  roasted. 

Cream  of  Tartar. 

Adulteration,  3  per  cent.  Adulterants  found  were  gypsum,  corn 
starch  and  phosphate  of  calcium.  The  adulteration  of  cream  of  tartar 
is  now  comparatively  rare.  The  worst  sample  contained  75  per  cent, 
of  calcium  phosphate  and  com,  while  a  **  compound  cream  of  tartar  " 
was  found  to  contain  no  cream  of  tartar  whatever. 
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Honey, 

Adulteration,  14  per  cent.  The  only  adulterant  found  was  glu- 
cose syrup,  which  was  found  in  varying  amounts  up  to  40  per  cent 
The  analysis  of  honey,  sugars  and  syrups  is  made  by  means  of  tbe 
polariscope. 

Molasses, 

Adulteration,  11  per  cent.  The  only  adulterant  found  was  glo- 
cose  syrup,  which  was  present  in  one  instance  to  the  extent  of  40 
per  cent. 

Maple  Syi'up. 

Adulteration,  43  per  cent.  Adulterants  found  were  cane  sugar 
other  than  maple  and  glucose.  The  worst  specimen  was  a  so-called 
**  Vermont  Maple  Syrup,"  containing  58  per  cent,  of  glucose  syrup. 

Maple  Sugar, 

Adulteration,  34  per  cent.  The  adulterant  found  was  a  crude 
molasses  sugar,  which  chemically  is  nearly  identical  with  maple 
sugar,  but  whose  flavor  is  totally  diflTerent. 

Syi*up. 

Only  one  sample  of  the  fifteen  submitted  was  found  to  be  adulter- 
ated, but  that  contained  50  per  cent,  of  glucose. 

Lard. 

Adulteration,  28  per  cent.  The  adulterants  found  were  cotton- 
seed oil  and  tallow. 

Tea. 

None  was  found  to  contain  other  than  genuine  tea  leaves,  and  bat 
one  sample  contained  too  much  mineral  matter  indicating  spent 
leaves.  The  rigid  examination  of  teas  at  various  ports  of  entry  bj 
government  inspectors  regularly  appointed  for  that  purpose  has 
resulted  in  practically  shutting  out  spurious  teas  from  our  market. 

Vinegar, 

Adulteration,  34  per  cent.  Any  failure  to  conform  to  the  legii 
standard  of  4.5  per  cent,  of  acetic  acid  and  2  per  cent,  of  apple  aoUdi 
constitutes  adulteration.     Samples  may  contain  too  little  aoede  add 
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either  from  insuflBcient  fermentation  of  the  cider  or  from  dilution 
with  water.  An  insuflBciency  of  apple  solids  indicates  watering,  and 
the  substitution  of  other  solids  indicates  that  the  vinegar  is  made  at 
least  in  part  by  the  fermentation  of  materials  other  than  cider,  — 
notably  molasses.  The  greater  number  of  adulterated  samples  fell 
but  slightly  below  the  standard. 

Olive  Oil. 

Adulteration,  26  per  cent.  The  adulterant  found  was  cotton-seed 
oil.  Many  of  the  cotton-seed  oil  substitutes  for  olive  are  now  labeled 
<<  sweet  oil"  or  *<  salad  oil,"  terms  of  such  an  indefinite  significance 
that  technically  there  is  no  deception. 

Miscellaneous, 

Of  116  samples  of  a  miscellaneous  description  24  were  found  not 
of  good  quality.  Of  this  number  were  samples  of  pickles  containing 
notable  quantities  of  alum ;  dried  apples  containing  considerable 
traces  of  zinc  ;  catsup  containing  salicylic  acid  ;  fruit  syrups  contain- 
ing salicylic  acid,  in  some  instances  to  the  extent  of  0.47  per  cent. ; 
salt  fish  preserved  with  boracic  acid. 

Among  the  novelties  of  this  class  was  a  sample  of  '*  kustard  "  which 

proved  to  be  a  mixture  of  corn  starch  and  salt  flavored  with  cou- 

marin. 

Summary  of  Food  Statistics. 


Oennlne. 

Adulter- 
ated. 

Totah 

1 

Oennlne. 

Adulter- 
ated. 

ToUl. 

Allapice,  . 

92 

6 

97 

1 
Honey,     . 

46 

8 

54 

Baking  powder, 

2 

6 

8 

Lard, 

15 

6 

21 

Bread, 

69 

0 

59 

1 
Mace, 

56 

1 

57 

Batter,      . 

417 

24 

441 

1 
Maple  augar,    . 

28 

15 

43 

Canoed  gooda, 

19 

0 

19 

Maple  ayrup,  . 

17 

13 

30 

Caaaia,      . 

185 

14 

199 

MiBcellaneouB, 

116 

24 

140 

Cayenne, . 

40 

25 

65 

Molasses,. 

136 

17 

153 

Cheeae, 

73 

0 

73 

Muatard,  . 

174 

64 

288 

Cbooolate, 

6 

0 

5 

,  Nutmeg,  . 

2 

0 

2 

Clovea, 

190 

28 

218 

Olive  oil,  . 

17 

6 

23 

Coffee, 

49 

21 

70 

Pepper,    . 

289 

36 

325 

Coofeetionery, 

59 

2 

61 

Syrup, 

14 

1 

15 

Cream  of  Urtar,     . 

853 

13 

866 

1  Tea 

59 

1 

60 

Ginger,     . 

193 

16 

209 

1  Vinegar,  . 

58 

81 

89 
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Drugs. 

Of  this  class,  327  samples  were  examined.     Ninety-nine  proved 
to  be  not  of  Pharmacopoeal  quality. 

Acidum  Benzoicum:  3  standard. 

Actdum  Ilydrobromicum :  2  standard. 

Acidum  Tannicum:   15  standard;    1  inferior,  containing  a  resin 
insoluble  in  water. 

filter:  6  standard  ;  2  inferior,  containing  too  much  alcohol. 

^thev  fortior:  3  standard. 

Alcohol:  15  standard. 

Aqua  Ammonice:    5  standard;  2  inferior,  containing  too  much 
water. 

Aqua  AmmonicB  fortior :  5  standard. 
Aqua  Destillata :  1  standard. 
JBismutki  Subnit7'as:  2  standard. 
Cerii  Oxalas:  2  standard. 

Chloroform:  3  standard. 

Extractum  Glycyrrhizce :  1  standard;  2  inferior,  containing  con- 
siderable amounts  of  corn  and  wheat  starch. 

Extractum  Malti:  1  of  good  quality. 

Ferri  et  Quinince  Citras:  7  not  of  the  Pharmacopoeal  standard. 

Glycerinum:   16  standard;  3   inferior,  containing  oils  reducing 
nitrate  of  silver,  one  sample  containing  petroleum. 

Iodoform:  1  standard. 

Lycopodium:  2  standard. 

Liquor  Magnesii  Citratis:  2  standard. 

Jlcfr/nesii  sulphas:   1  standard. 

Oleum  Olivce:  9  of  good  quality;  2  cotton-seed  oils. 

Opii  Pulvis:  10  standard,  2  inferior,  containiiig  too  littk  1D0^ 
pbine. 
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Potassii  Acetas:  5  standard;  3  inferior,  containing  considerable 
carbonate  and  chloride.    . 

Potassii  Citras:  6  standard. 

Potassii  lodidum :  6  standard  ;  1  inferior,  containing  a  consider- 
able amount  of  chloride. 

Potassii  Permanganas :  6  standard. 

Pulvis  Effervesctns  Compositus :  13  standard  in  quality,  but  of 
considerable  variety  of  weight,  and  the  blue  and  white  papers  trans- 
posed in  two  instances. 

Pulvis  GlycyrrhizcB  Compositus:  1  of  inferior  quality. 

Pulvis  Rhei:  9  standard. 

Quinince  Bisulphas:  1  standard. 

Quininae  Sulphas:  7  standard. 

Spiritus  Frumenti:  2  standard ;  1  inferior,  containing  too  much 
solid  matter,  chiefly  sugar.  The  percentage  of  alcohol  varied  from 
41  to  53. 

Spiritus  Juniperi:  2  of  good  quah'ty  and  2  inferior,  being  largely 
diluted  with  water. 

Spiritus  Limonis:  1  standard. 

Spiritus  Vini  Galltci.'  2  standard. 

Sulphur  Lotum:  12  standard ;  1  inferior,  containing  50  per  cent, 
of  gypsum. 

Syrupus:  1  standard;  1  inferior,  containing  too  much  water. 

Tinctura  Aconiti:  6  standard. 

Tinctura  lodi:  3  standard;  10  inferior,  containing  too  little 
iodine,  the  deficiency  being  from  5  to  30  per  cent. 

Tinctura  Nucis  Vomicoe:  4  standard ;  5  inferior.  This  tincture 
should  contain  2  per  cent,  of  the  dry  extract.  The  samples  sub- 
mitted contained  from  2.19  per  cent,  to  0.6  per  cent. 

Tinctura  Opii:  25  standard ;  27  inferior.  This  tincture  should 
contain  1.3  to  1.5  per  cent,  of  morphine  by  the  Pharmacopoeal  assay. 
The  samples  submitted  contained  from  2.19  percent,  to  Q«6^\^x 
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cent.,  the  strongest  tincture  being  more  than  three  times  as  strong 
as  the  weakest. 

Vinum  Album :  4  samples  not  of  Pharmacopoeal  quality,  contain- 
ing too  much  solid  residue,  chiefly  sugar.  The  alcohol  also  was 
found  to  be  from  1  to  3  per  cent,  in  excess. 

Vinum  liubrum:  16  samples  not  of  Pharmacopoeal  quality.  Here 
again  there  proved  to  be  a  large  excess  of  sugar,  while  the  alcohol 
varied  from  2  per  cent,  below  to  3  per  cent,  above  the  standard. 

Zingiber:  1  standard. 

Miscellaneous:  12  of  good  quality;  1  not  of  good  quality.  In 
this  class  were  included  samples  of  non-poisonous  insect  fluids  com- 
posed of  benzine,  alcohol,  peppermint,  pennyroyal  and  borax. 

A  **  wild  cherry  beverage"  contained  no  hydrocyanic  acid. 

A  sample  of  patent  obesity  pills  contained  nothing  to  be  detected 
but  sugar. 

A  sample  of  "  freckle  lotion"  contained  forty  grains  of  corrosive 
sublimate  per  bottle. 

Other  face  washes  selling  at  one  or  two  dollars  per  bottle  were 
found  to  contain  alcohol  and  citric  acid  in  solution,  and  sulphur, 
chalk  and  gypsum  in  suspension. 

A  sample  of  "Black  Pepsin"  was  found  to  consist  of  ground 
annatto  and  salt.     It  gave  a  slight  pepsin  digestion  reaction. 

A  sample  of  **  Compound  Extract  of  Salix,"  prepared  for  pre- 
serving eggs,  fruit  and  vegetables,  proved  to  be  salicylic  acid. 

SCMMART. 


Genuine. 


Adolteratod. 


Toiil- 


Milks, 

Foods  not  milk, 

Drugs, 

Totals, 


1,645 

2,763 

228 


4«5S6 


1,528 

877 

99 


2,004 


8,073 

8,140 

8?7 


6^ 


Respectfully  submitted, 


CHARLES  P.  WOBCSSTEB. 
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PROFESSOR  GOESSMANN'S  REPORT, 


The  following  repoit  comprises  the  results  of  the  analyses  of 
imples  of  milk  obtained  in  the  four  western  counties  of  Massachusetts 
uring  the  year  ending  Sept.  30,  1893. 

The  whole  number  examined  was  187,  of  which  38,  or  20.3  per 
3nt.,  were  below  the  standard.  This  result  was  but  slightly 
reater  than  that  of  1892  for  the  same  district,  which  was  19.8 
er  cent. 

The  results  of  analyses  were  as  follows :  — 

Whole  number  examined, 187 

Number  above  standard, 149 

Number  below  standard, 38 

Percentage  below  standard, 20.8 

Samples  of  skimmed  milk, 7 

The  statistics  of  the  cities  are  as  follows :  — 

CmcoPEE. 

Number  of  samples, 16 

Number  above  standard, 14 

Number  below  standard, 2 

Percentage  below  standard, 12.5 

Skimmed  milk, 2 

HOLTOKE. 

Number  of  samples, 16 

Number  above  standard, 16 

Number  below  standard, 0 

Percentage  below  standard,      ........  0 

Skimmed  milk, 2 

PlTTSFIELD. 

Number  of  samples, 15 

Number  above  standard, 9 

Number  below  standard, 6 

Percentage  below  standard, .40.0 

Skimmed  milk, 0 
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Springfield. 

Number  of  samples, 37 

Number  above  standard, 28 

Number  below  standard, 9 

Percentage  below  standard, 24.3 

Skimmed  milk, 0 

The  results  in  the  towns  were  as  follows :  — 


Adams,    . 
Greenfield, 
Lee, . 

North  Adams, 
Orange,    . 
Ware,       . 


ToUl. 


13 
12 
8 
42 
12 
16 


103 


Abort 
Standard. 


>         bek.w 
Standard.  Run.l*i4. 


Below 


1 

2 
3 
8 
6 
2 


21 


I 


20.4 


Amherst,  Mass. 


C.  A.  GOESSMANN, 

Cfiemitt. 
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ISOLATION  HOSPITALS  FOR  INFECTIOUS  DISEASES. 


By  S.  W.  Abbott,  M.D.,  Secretary  of  the  Board. 


An  increased  demand,  during  the  past  two  years,  from  the  author- 
ities of  cities  and  large  towns,  and  especially  from  manufacturing 
towns,  for  information  on  the  subject  of  infectious  disease  hospitals 
has  formed  the  incentive  to  the  compilation  of  the  following  paper. 

The  essential  difference  between  hospitals  established  for  receiving 
patients  attacked  with  infectious  disease  and  other  hospitals  consists 
in  the  fact  that  the  latter,  the  general  hospitals,  are  maintained  mainly 
for  the  purpose  of  affording  care  and  treatment  for  the  individual, 
while  the  former,  the  infectious  disease  hospitals,  in  affording  this 
care  and  treatment  also  provide  for  the  protection  of  the  community 
at  large,  and  thus  constitute  one  of  the  essential  measures  for  pre- 
venting the  spread  of  infectious  diseases  by  furnishing  the  means  for 
isolating  the  first  cases  which  appear  in  any  community. 

The  principal  reasons  for  providing  these  establishments  in  large 
cities  are  the  following  :  — 

JFirat,  Isolation  constitutes  the  first  and  essential  principle  in  the 
preventive  treatment  of  the  majority  of  infectious  diseases.  The 
more  perfect  the  barrier  between  the  sick  and  the  well  the  greater 
becomes  the  certainty  of  staying  the  spread  of  infectious  disease. 
On  the  other  hand,  the  increasing  accumulation  of  our  population 
in  the  cities  has  a  tendency  to  favor  the  spread  of  such  disease. 
The  urban  population  of  Massachusetts  (i.  e.,  people  living  in 
cities  having  more  than  8,000  inhabitants  in  each),  was  only  27.1 
per  cent,  of  the  total  population  of  the  State  in  1840.  In  1880 
it  bad  increased  to  58.4  per  cent.,  and  in  1890  to  69.9  percent. 
The  urban  population  of  the  United  States  had  also  increased  from 
22.6  per  cent,  in  1880  to  29.1  per  cent,  in  1890. 

To  illustrate  the  effect  which  this  crowding  together  of  the  popu- 
lation has  upon  the  mortality  from  infectious  diseases  the  following 
data  are  presented.  They  are  the  result  of  observations  upon  this 
subject  extending  over  a  period  of -twenty  years  in  Massachusetts, 
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and  wore  published  in  the  twenty-third  annual  report  of  the  State 
Board  of  Health,  page  783,  etc.  They  are  here  more  conveniently 
grouped  together  in  one  tuble. 

Mortality  from  Eight  Principal  Infectious  and  Destructive  Diseases  in  Denst^ 
Medium  and  Sparsely  Settled  Districts  in  Massachusetts^  that  of  Dense  Dis- 
tricts being  taken  as  1,000, 


MORTAUTT  rtOM 

1 

AU 
Cansea. 

Measles. 

Rcarlet 
Ferer. 

Diphtheria 

and 

Croup. 

Small- 
pox. 

Cholera 
Infantum. 

Con- 
anmptloD. 

Pneu- 
monia. 

TjphoU 
Fever. 

I>«iiie, 

Ifedlam,  . 
BparM,     . 

1,000 
826 
760 

1,000 
617 
446 

1,000 
818 
687 

1,000 
780 
634 

1.000 
882 
140 

1,000 

OVw 

630 

1,000 
810 
727 

1,000         1.000 
703         1,100 
783    i     1.175 

In  using  these  terms,  dense  refers  to  those  districts  in  which  there 
'  was  less  than  one  acre  to  each  inhabitant ;  medium^  to  those  districts 
in  which  there  was  more  than  one  acre  but  less  than  four  acres  to 
each  inhabitant ;  and  sparse^  to  those  districts  in  which  there  were 
more  than  four  acres  to  each  inhabitant.  By  this  table  it  api)ears 
that  overcrowding  has  an  unfavorable  effect  upon  the  mortality  of 
each  one  of  the  foregoing  diseases  except  typhoid  fever. 

Secondly.  The  inability  of  the  majority  of  laborers  and  mechanics 
to  furnish  separate  accommodations  for  the  isolation  of  memlx^rs  of 
their  families  who  may  become  ill  with  infectious  disease  is  well 
known.  Such  families  usually  live  in  tenements  having  from  one 
to  four  rooms,  none  of  which  can  safely  be  devoted  to  the  treatment 
and  isolation  of  infectious  diseases  of  a  dangerous  character.  The 
serious  overcrowding  which  prevails  in  some  of  the  large  cities  of 
Great  Britain  has  not  yet  been  reached  in  any  of  our  large  cities, 
but  the  tendency  is  in  that  direction  (Glasgow  has  a  population 
of  more  than  100,000  living  in  one- room  tenements).  The  very 
great  increase  of  the  population  of  this  class  by  immigration  has 
been  the  chief  factor  in  causing  overcrowding  in  our  cities  during 
the  past  decade. 

Tliird,  Another  important  advantage  secured  by  the  isolating 
hospital  is  found  in  the  fact  that  the  ordinary  duties  of  the  house- 
hold, the  attendance  at  school,  and  especially  the  sapport  of  the 
family  by  its  wage-earners,  can  be  carried  on  without  di8tarbaiice« 
the  danger  of  infection  having  been  removed  by  the  transfer  of  the 
sick  member  of  the  family  to  the  hospital.  It  has  not  unfreqaeBtlf 
happened  that  the  \oca\  ^amtAty  authorities  in  some  of  oar  cities  iii 
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towns  have  not  only  rigorously  enforced  the  law  relating  to  non- 
attendance  at  school,  buf'have  also  quarantined  the  whole  family, 
old  and  young ;  so  that,  by  this  means,  the  scholar  is  deprived  of 
from  two  to  ten  weeks,  or  even  more,  of  his  educational  privileges 
at  the  most  important  or  most  receptive  period  of  his  life,  the 
length  of  time  depending  upon  the  duration  of  illness  in  the  infected 
household ;  and  more  than  this,  the  father  and  other  wage-earners 
have  been  kept  from  work  in  the  mill,  the  factory  or  the  workshop. 
Even  if  he  is  allowed  to  work,  his  fellow  workmen  are  wont  to 
regard  him  with  suspicion  so  long  as  a  case  of  any  one  of  the  in- 
fectious fevers  exists  in  his  household.  Now,  the  prompt  removal 
of  such  cases  permits  the  school  attendance  and  the  employment  of 
other  members  of  the  family  to  go  on  undisturbed. 

In  all  my  experience  with  local  boards  of  health  during  the  past 
few  years,  I  know  of  no  circumstance  or  condition  which  has  given 
more  serious  trouble  and  perplexity  than  this,  nor  do  I  know  of  any 
which  is  likely  to  be  relieved  to  so  great  an  extent  as  is  this  condi- 
tion by  the  introduction  of  the  isolating  hospital. 

So  far  as  one  disease  (small-pox)  is  concerned,  the  principle  of 
isolation  in  a  hospital  specially  provided  or  designed  for  such  pur- 
pose has  been  recognized  from  a  very  early  period  of  our  history. 
In  1701  an  act  was  passed  by  the  General  Court  ''for  the  better 
preventing  the  spread  of  infection,"  wherein  it  was  provided  that 
"  when  persons  were  visited  with  the  plague,  small-pox  or  pestilen- 
tial or  malignant  fever,  and  other  contagious  sickness,  the  infection 
whereof  may  be  communicated  to  others,"  the  selectmen  were  em- 
powered to  remove  such  infected  persons  to  separate  houses,  and  to 
provide  *' nurses,  tendance  and  other  assistance  and  necessaries  for 
them,  at  the  charge  of  the  parties  themselves,  their  parents  or  mas- 
ters (if  able),  or  otherwise  at  the  charge  of  the  town  or  place  where 
they  belong." 

Small-pox  has  been  shorn  of  much  of  its  terrors  by  the  discovery 
and  practice  of  vaccination,  so  that  while  in  the  last  century  it  fur- 
nished a  very  large  percentage  of  the  deaths  the  ratio  of  such  mor- 
tality in  the  present  century  has  been  very  greatly  diminished. 

The  number  of  deaths  from  small-pox  in  the  twenty  years  (1871- 
1890)  in  Massachusetts  was  2,298,  while  those  from  measles,  scarlet 
fever,  diphtheria,  croup  and  typhoid  fever  were,  respectively,  3,984, 
14,639,  36,553  and  19,421.  If  the  ratio  of  cases  to  deaths  main- 
tained the  average  which  has  usually  been  observed,  the  total  num- 
ber of  cases  of  these  diseases  which  occurred  in  thib  ^\»Xi^  ^v^x\\i% 
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these  twenty  years  must  have  been  at  least  700,000,  Had  adequate 
provision  been  furnished  for  controlling  epidemics  at  their  outset,  it 
is  safe  to  say  that  a  very  considerable  portion  of  these  lives,  and 
also  of  these  cases  of  illness,  might  have  been  saved.  The  pro- 
vision of  isolating  hospitals  constitutes  one  important  measure  for 
controlling  such  epidemics,  while  prompt  notification  by  the  attend- 
ing physicians,  disinfection,  vaccination  and  restriction  of  school 
attendance  from  infected  families  also  constitute  a  part  of  the  same 
general  plan  of  action. 

Hospitals  for  infectious  diseases  have  reached  their  highest  type 
of  development  in  England,  but  are  not  yet  in  very  common  use  in 
the  continental  countries  of  Europe.  In  commenting  upon  the  his- 
tory of  this  subject,  Dr.  Buchanan  says,  in  his  introduction  to  the 
special  report  to  the  Local  Government  Board  of  England  upon  the 
**  Use  and  Influence  of  Hospitals  for  Infectious  Diseases  ** :  — 

The  original  design  of  these  hospitals  in  England  was  to  promote  the 
recovery  of  the  individual  poor  patient  for  whom  other  accommodation  wss 
wanting ;  indeed,  the  name  '^ house  of  recovery"  was  a  frequent  synonjm 
for  infectious  disease  hospital  at  the  period  when  such  an  institution  wss 
first  seen  to  be  necessary.  But  it  was  inevitable  that  the  advantages  to  be 
obtained  by  the  district  possessing  a  hospital  should  soon  force  themsekei 
upon  the  attention  of  the  observer,  and  from  a  very  early  period  of  their 
history  infectious  disease  hospitals  have  been  advocated  on  the  groaod  of 
their  protecting  the  household  against  the  spread  of  infection. 

The  benefits  of  these  hospitals  were  not,  however,  obtained  without  t 
good  deal  of  misfortune  within  the  walls  of  the  institutions  themselves. 
In  the  small- pox  hospital,  indeed,  this  was  not  apparent.  Small-pox  had 
been  regarded  from  the  beginning  as  requiring  a  special  building  for  itself. 
It  had  a  ^'  specific  "  contagion,  which  could  not  be  safely  treated  under  the 
same  roof  with  the  ^^  general"  contagion  of  fever.  So,  in  the  hospital 
where  no  disease  but  small-pox  was  received,  patients  had  no  opportooitj 
of  contracting  other  diseases.  The  nurses,  in  early  times  selected  from 
among  those  who  had  passed  through  an  attack  of  small-pox,  and  in  later 
times,  having  their  vaccination  specially  cared  for,  took  nothing  from  their 
patients;  but  in  the  ^^  fever  hospital"  the  case  was  different.  Doctors 
and  nurses  caught  fever,  in  some  years  more  than  in  others,  while  convalet- 
cent  patients  had  what  appeared  to  be  repetitions  of  fever  attacks.  So 
serious  indeed  did  these  misadventures  become  that  forty  years  ago  it  bad 
come  to  be  spoken  of  as  doubtful  whether  fever  cases,  if  they  were  to  ^ 
treated  in  hospitals  at  all,  had  not  better  be  distribated  throogh  tbe  warli 
of  general  hospitals.  The  experiment  was  tried,  bat  with  far  gnater  dit- 
aster  to  the  patients  and  alX^udanta  of  the  general  hoqiltel* 
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In  the  foregoing  quotation  the  special  form  of  fever  to  which  refer- 
ence is  made  is  undoubtedly  typhus,  and  not  typhoid  or  enteric  fever. 

With  reference  to  the  propriety  of  separating  isolating  hospitals 
absolutely  from  all  other  establishments.  Dr.  Rowe  says  in  his  recent 
paper  upon  this  subject:  — 

In  large  eommunities  the  only  system  that  is  beyond  criticism  is  to  make 
for  infectious  diseases  a  separate  establishment,  independent  and  isolated. 
...  It  is  the  duty  of  hospital  workers  and  sanitarians  not  to  cease 
forcing  upon  public  authorities  the  necessity  of  intelligent  action,  until 
every  municipality,  through  its  public  treasury,  shall  provide  special  ho8« 
pitals  always  available  for  infectious  diseases.  Is  it  not  the  wisest  policy 
to  put  such  hospitals  under  the  immediate  control  of  the  local  board  of 
health  ?  Tbey  have  so  close  a  connection  with  other  vital  matters  properly 
belonging  to  health  boards  that  it  conduces  to  unity  of  action  to  have  the 
suppression  of  infection  under  one  authority,  a  practice  that  obtains  in 
Great  Britain.* 

As  early  as  1866  an  act  of  Parliament  had  given  to  local  authori- 
ties the  power  to  erect  and  to  maintain  hospitals  for  isolation  of 
persons  suffering  with  contagious  diseases.  This  power  was  further 
enlarged  by  the  general  Public  Health  Act  of  1875.  As  a  result  of 
this  legislation  it  was  found  by  returns  made  in  1879  that  296 
authorities  had  availed  themselves  of  this  privilege  in  the  erection 
of  buildings  of  one  sort  or  another  for  this  specific  purpose.  The 
arrangements  were  in  some  cases  rudimentary  and  insufficient,  and 
on  the  other  hand  some  authorities  had  wisely  and  liberally  used 
their  powers  in  providing  efficient  hospitals  for  the  reception  of 
persons  suffering  with  contagious  fevers  and  from  small-pox. 

In  a  brief  paper  upon  the  same  subject  presented  at  the  Inter- 
national Congress  of  Hygiene  at  London  in  1891,  Dr.  Thome  states 
that  this  number  had  increased  to  400,  and  that  the  general  adoption 
of  the  provisions  of  the  Infectious  Disease  (Notification)  Act  of  1889 
was  likely  to  lead  to  a  still  further  increase  in  the  number  of  these 
establishments. 

In  commenting  upon  the  diseases  calling  for  isolation.  Dr.  Thome 
says :  — 

So  far,  there  is  no  evidence  that  aggregation  of  the  infectious  sick  suffer- 
ing from  any  of  these  diseases,  except  small-pox,  such  as  is  likely  to  be 
carried  out  by  any  ordinary  sanitary  authority,  leads  to  infection  of  the 

•  Fftpw  ratd  at  OongrMi  of  Charliie*,  Correction  and  PhllftiiUiTop7,iX.Cti\QMB^%^^^^'^^'^> 
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surroundiDg  commanity,  provided  that  the  hospital  be  properly  constrocted 
and  administered,  and  subject  to  a  zone  of  some  forty  feet  being  provided 
between  all  buildings  intended  to  receive  infected  persons  or  things  and  the 
boundary  wall,  or  close  fence  around  the  site.    Experience  has  shown  that 
it  is  otherwise  with  small-pox,  and  it  yet  remains  to  be  ascertained  what 
are  the  circumstances  under  which  cases  of  that  disease  can  be  aggregated 
for  the  purposes  of  sanitary  authorities  without  risk  to  the  community. 
Fortunately,  owing  to  the  protection  afforded  by  vaccination,  small-pox 
does  not,  as  is  commonly  supposed,  stand  foremost  among  the  infectious 
fevers  calling  for  isolation  in  a  hospital.     As  a  rule,  port  sanitary  authori- 
ties alone  make  provision  for  cholera. 

Extent  of  Provision,  —  No  exact  rule  can  be  laid  down  as  to  the 
requisite  amount  of  provision  for  any  given  population.  A  general 
estimate  has  been  made  in  England  of  one  bed  to  each  1,000  inhabi- 
tants as  sufficient  for  ordinary  requirements.  But  the  character  of 
the  population  must  largely  determine  this  question.  Upon  this 
point  Dr.  Thorne  says  :  — 

In  a  locality  where  the  population  is  well-to-do,  and  most  houses  are  of 
a  size  and  construction  that  offer  reasonable  facilities  for  the  isolation  of 
single  attacks  of  the  current  infectious  fevers,  the  amount  of  hospital 
accommodation  needed  for  public  health  purposes  will  be  less  than  io  » 
manufacturing  district,  where  disease  cannot  be  treated  in  the  houses  in 
which  it  breaks  out  without  very  great  if  not  certain  risk  of  spread. 

With  this  point  in  view,  it  is  quite  plain  that  the  amount  of  hos- 
pital provision  per  1 ,000  inhabitants  in  a  residential  community  like 
those  of  Brookline  or  Newton  would  necessarily  be  less  than  it  would 
be  in  manufacturing  cities  like  Lowell,  Lawrence,  Fall  River  and 
Worcester. 

Character  of  Accommodation  Required.  — Dr.  Thorne  has  so  dis- 
tinctly presented  the  essential  conditions  I'clative  to  the  necessary 
accommodations  of  an  infectious  disease  hospital  in  his  recent  paper 
at  the  International  Congress  of  Hygiene,  that  I  take  the  liberty  to 
quote  them  as  applicable  in  most  particulars  to  our  own  cities:  — 

Premising  that  all  the  conditions  that  are  deemed  essential  in  the  pro* 

vision  of  a  healthy  dwelling-house  are  to  be  regarded  as  equally  desirable 

in  the  case  of  an  infectious  hospital,  I  would  only  here  refer  to  sneh  oiber 

points  as  involve  considerations  peculiar  to  such  hospitals. 

—  (a)   As  regards  aite.  —  It  is,  as  a  rule^  nndesiraUs  to  sdeotsay  fi^ 

which  is  less  than  some  Vtvo  «kCt%%  m  extent ;  and,  even  ttisa,  ngud  shosU 
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be  had  to  the  need  for  extension  of  hospital  buildings,  whether  for  tem- 
porary purposes  or  owing  to  increase  of  population.  Where  practicable, 
only  single-story  hospital  pavilions  should  be  contemplated  ;  and  having  re- 
gard to  their  distribution  on  the  site,  and  to  the  outdoor  exercise  of  con- 
valescents, twenty  patients  to  the  acre  will  generally  be  found  to  be  the 
limit  of  aggregation  of  sick  on  area. 

(6)  As  regards  buildings. — The  administrative  building  should  be  dis- 
tinct from  all  others.  Nurses,  when  off  duty,  will  live  and  sleep  in  it ; 
tradesmen  will  call  there  for  orders  and  with  supplies,  and  relatives  will 
there  make  inquiries  as  to  the  progress  of  the  sick.  This  building  should 
always  be  so  placed  as  to  control  all  access  from  without  to  the  ward 
pavilions  and  other  hospital  buildings.  The  laundry,  ambulance  shed,  dis- 
infecting apparatus  and  mortuary  should  also  be  in  one  or  more  buildings 
separate  from  the  administrative  building  and  the  ward  pavilions. 

No  sanitary  district  can  be  regarded  as  properly  provided  for  unless  it 
has  immediately  available  sufficient  accommodation  for  the  isolation  of  two 
different  infectious  diseases  in  both  sexes,  and  some  means  for  the  special 
isolation  of  one  or  two  patients  needing  separate  accommodation,  as,  for 
example,  cases  in  which  the  nature  of  the  disease  is  at  first  doubtful. 
These  requirements  are  usually  met  by  the  provision  of  two  pairs  of  wards 
or  rooms  having  no  aerial  communication  with  each  other,  together  with 
one  or  two  special  isolation  rooms.  In  sparsely  populated  districts  these 
requirements  may  be  combined  in  one  pavilion,  the  separate  apartments,  of 
which  open  separately  upon  verandahs.  Such  a  building  is  commonly 
styled  an  isolated  pavilion. 

Each  ward  pavilion  should  admit  of  cross  ventilation  by  means  of  windows 
in  the  two  opposite  side  walls ;  the  closets  and  ward  sinks,  having  them- 
selves independent  means  of  cross  ventilation,  should  be  entered  from  the 
wards  by  means  of  a  cross-ventilated  lobby ;  all  angles,  vertical  and  hori- 
zontal, should  be  rounded,  to  prevent  deposit  of  dust,  etc.,  and  a  nurse's 
duty  room  should  be  provided.  Assuming  that  each  ward  will  contain  the 
ordinary  proportion  of  acute  and  convalescent  patients,  and  that  it  is 
adequately  ventilated  and  warmed,  a  minimum  of  2,000  cubic  feet  of  air 
per  head  is  generally  found  to  suffice  in  order  to  maintain  reasonable 
pnrity  of  air ;  but  much  depends  on  the  allotment  of  this  amount  of  air  to 
the  individual  patient.  No  excess  in  the  amount  of  total  air  provided  — 
as,  for  example,  in  the  case  of  lofty  wards  —  can  compensate  for  crowding 
patients  on  the  floor  level ;  and  hence  the  beds  should  be  so  arranged  as  to 
ensure  for  each  patient  a  floor-space  of  some  156  square  feet.  And  since 
it  is  in  the  neighborhood  of  the  patient's  mouth  and  nostrils  that  it  is  above 
all  important  to  maintain  the  purity  of  ward  air,  it  is  of  all  things  neces- 
sary to  allot  to  each  bed  a  separate  amount  of  wall  space,  not  less  than 
some  twelve  feet  in  length. 

(c)  As  to  allotment  of  bed-space.  —  The  best  position  for  the  beds  is 
that  one  bed  should  occupy  each  one  wall-space  between  «b  ^^vt  oil  ^\\ir 
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dows,  the  head  of  the  bed  to  be  at  least  one  foot  away  from  the  wall,  so  as 
to  facilitate  movemeDt  of  air  about  the  patient's  head. 

Medical  advice  is  often  sought  as  to  the  number  of  beds  that  should  be 
placed  in  any  one  ward  of  an  infectious  hospital.    In  suggesting  an  answer 
to  this  question  I  cannot  avoid  the  conclusion  that  the  practice  of  treating 
sick  persons  under  circumstances  which  admit  of  the  air  by  which  they  are 
surrounded  being  charged  more  or  less  by  the  emanations  of  other  sick  per- 
sons is  wrong  in  principle,  and  that  from  this  point  of  view  any  aggrega- 
tion of  the  sick  in  wards  is  undesirable.     But  other  considerations  most, 
in  the  case  of  a  large  proportion  of  the  population,  be  regarded  as  oat- 
weighing  this  one ;  and  all  that  can  be  properly  contended  for  is  that  the 
limit  of  such  aggregation  shall  be  decided  by  considerations  such  as  are 
involved  in  securing  freedom  from  any  recognizable  risk,  together  with 
such  efficiency  in  general  administration  and  nursing  as  is  consistent  with 
a  reasonable  regard  for  economy. 

The  several  infectious  fevers  doubtless  dififer  in  regard  to  the  amount  of 
nursing  which  the  sick  require  ;  but  taking  them  as  a  group,  and  assumiDg 
that  the  ordinary  proportion  of  acute  and  convalescing  cases  at  varying 
ages  are  brought  together,  it  may  be  held  that  any  one  nurse  can  rarely  be 
expected  to  take  charge  of  more  than  twelve  patients.  The  moment  thii 
number  is  exceeded  the  nursing  staff  has  to  be  doubled,  and  directly  t 
second  nurse  is  required  it  would  be  better  in  the  interests  of  the  sick  thtt 
those  whom  she  nurses  should  be  in  a  separate  ward.  Holding  this  in 
view,  I  believe  it  will  generally  be  found  desirable  that  infectious  hospitals 
should  be  built  in  pavilions  so  contrived  that  in  each  there  shall  be  two 
wards,  one  for  males  and  the  other  for  females,  containing  together  not 
more  than  twelve  beds,  the  two  six-bedded  wards  to  be  separated  by 
nurses'  duty-room  and  an  entrance  lobby. 

The  diseases  for  which  persons  may  properly  be  treated  in  infee" 
tioiis  disease  hospitals  are  mainly  those  which  are  specially  coota- 
gious  in  their  nature,  and  are  liable  to  spread  from  the  sick  to  the 
well  in  consequence  of  proximity  to  each  other  in  the  small  and  ill* 
ventilated  tenements  of  large  cities.  It  frequently  happens  also  that 
travellers  stopping  at  hotels  or  boarding-houses  are  attacked  with 
some  infectious  disease,  and  the  business  of  the  establishment  is 
seriously  hindered  and  sometimes  stopped  altogether  for  a  time  by 
the  presence  even  of  a  single  case  of  such  disease.  I  have  had  occa- 
sion several  times  in  the  past  ten  years  to  investigate  instances  io 
which  these  circumstances  were  prominent.  Under  ordinary  rales 
such  cases  cannot  be  admitted  to  the  general  hospital,  bat  may  veiy 
properly  be  taken  to  an  isolation  hospital  for  treatment. 
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The 'diseases  which  should  be  treated  in  infectious  disease  hospi- 
tals are  scarlet  fever,  diphtheria,  small-pox,  measles,  typhus  fever, 
cholera,  typhoid  fever,  and  to  these  it  would  be  proper  to  add  in  the 
Southern  States  yellow  fever,  a  disease  from  which  the  New  Eng- 
land States  are  generally  exempt. 

Practically,  the  first  five  diseases  mentioned  in  the  foregoing  list 
are  those  for  which  provision  is  usually  made  in  isolation  hospitals. 
In  referring  to  English  practice  upon  this  point  Dr.  Thome  says  :  — 

Next  to  small-pox,  scarlet  fever  is  the  disease  for  the  isolation  of  which 
most  efforts  have  been  made  by  sanitary  authorities.  The  various  forms 
of  continued  fever,  and  notably  cases  of  enteric  fever,  have  also  in  many 
districts  been  somewhat  extensively  isolated.  Diphtheria  and  erysipelas 
have  occasionally  been  dealt  with  in  isolation  hospitals,  and  at  times  efforts 
have  been  made  to  stay  the  spread  of  measles  in  the  same  way.  There  are, 
however,  conditions  which  render  attempts  to  deal  with  measles  by  means 
of  isolation  specially  difficult.  The  stage  at  which  the  disease  becomes 
infectious  often  precedes  that  in  which  it  is  recognized  ;  the  subjects  of  its 
attack  are  as  a  rule  of  exceptionally  tender  years,  and  a  large  proportion 
of  cases  never  come  under  medical  treatment  at  all.  Notwithstanding  its 
fatality,  therefore,  it  can  hardly  be  expected  that  hospital  provision  by  san- 
itary authorities  will  be  deemed  as  pressing  in  the  case  of  measles  as  in 
some  other  infectious  diseases. 

Scarlet  fever  is  the  disease  for  which  isolation  is  most  constantly  and 
most  urgently  needed.  The  mortality  it  occasions  exceeds  that  of  any 
other  communicable  fever  prevalent  in  this  country.  It  is  highly  infec- 
tious, and  there  are  no  effectual  means  apart  from  isolation  by  which  its 
spread  can  be  stayed.  Small-pox,  the  one  disease  which,  if  vaccination 
were  properly  carried  out,  should  least  call  for  hospital  provision,  may  per- 
haps be  deemed  to  stand  next  in  order  as  regards  the  measures  for  isolation. 
In  some  towns  typhus  has  prior  claims  to  small-pox  in  this  respect,  and  in 
all  districts  some  provision  should  be  made  for  the  other  continued  fevers. 

The  foregoing  extract  from  Dr.  Thome's  report  applies  with  equal 
force  to  the  case  of  our  own  cities  and  towns  at  the  present  time, 
with  this  exception,  that  we  should  give  much  greater  prominence 
to  diphtheria  as  a  disease  requiring  hospital  isolation.  The  very 
alight  importance  apparently  attached  to  diphtheria  in  the  English 
report  of  1880  is  undoubtedly  accounted  for  by  the  fact  that  the 
contagious  character  of  the  disease  was  not  then  so  thoroughly  estab- 
lished as  it  is  at  the  present  time,  a  dozen  years  later.  A  peculiar 
characteristic  of  diphtheria  appears  to  be  the  permanence  of  its^ 
infection,  and  the  liability  to  retain  its  vitality  in  houses  and  apart- 
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ments  for  a  considerable  period  of  time.  H^ence  the  propfiety  of 
speedy  removal  of  infected  persons  to  a  special  hospital  constructed 
with  reference  to  efficient  methods  of  disinfection,  which  are  ill- 
adapted  for  use  in  old,  crowded  and  ill-ventilated  tenements,  which, 
with  walls  and  floors  and  ceilings  having  many  cracks,  crevices  and 
crannies,  give  abundant  opportunity  to  harbor  the  specific  infectious 
material  of  diphtheria. 

While  the  mode  of  transmission  of  the  infection  of  typhoid  fever 
differs  essentially  from  that  of  some  of  the  other  infectious  diseases 
already  named,  it  is  undoubtedly  true  that  many  cases  occur  bj 
means  of  personal  infection  from  one  person  to  another,  and  while 
the  alimentary  tract  is  the  part  through  which  the  specific  poison  is 
received,  and  often  by  means  of  the  public  or  private  water  supply, 
the  fact  should  not  be  overlooked  that  there  may  be  other  modes  ot 
transmission  than  through  the  medium  of  the  water  supply.  While 
writing  this  paper  I  had  occasion  to  investigate  a  local  epidemic  in 
a  small  town,  having  circumstances  which  may  briefly  be  stated  as 
follows :  In  January  last,  a  man  was  attendant  as  a  nurse  and 
watcher  upon  a  typhoid  fever  patient  living  about  two  miles  distant 
from  his  own  house.  After  the  recovery  of  the  patient  he  went 
home  and  was  taken  ill  with  typhoid  fever  himself,  and  after  him, 
successively,  three  of  his  children,  a  grandchild,  and  finally  his  wife, 
the  disease  having  in  his  household  a  continuous  history  of  six 
months'  duration.  Careful  examination  was  made  of  the  surround- 
ings of  the  house,  the  water  supply,  the  disposal  of  refuse,  etc.,  and 
it  did  not  appear  that  the  local  conditions  were  at  fault,  but  the 
probability  lay  in  the  direction  of  personal  infection  from  the  first 
case  to  the  second,  and  so  on  through  the  family.  Doubtless  food 
and  possibly  milk  may  have  been  a  means  of  transmission  of  infec- 
tion ;  but  if  the  first  case  could  have  been  taken  to  a  hospital  and 
isolated  during  his  illness  and  convalescence,  it  is  probable  that  all 
the  remaining  members  of  the  family  would  have  escaped  the 
disease. 

This  is  only  a  single  example  of  multitudes  of  such  cases,  which 
are  constantly  recurring  and  in  which  a  system  of  well  planned 
isolating  hospitals  would  necessarily  diminish  very  greatly  the  Dum- 
ber of  cases  of  illness  as  well  as  the  mortality.  The  practical 
result  of  such  a  plan  when  properly  administered,  is  to  limit  out- 
,  breaks  of  infectious  disease  to  the  first  cases  and  thus  to  prevent  the 
occurrence  of  epidemics. 
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Further  points  relative  to  construction.  —  Brick,  stone  or  iron 
re  undoubtedly  better  than  wood,  and  this  statement  applies  more 
lecidedly  to  infectious  disease  hospitals  than  to  those  which  are  to 
)e  used  for  general  purposes.  Especially  is  this  true  of  the  interior 
inish  of  wards  and  other  apartments  used  by  the  sick.  It  is  advis- 
ible  to  finish  the  walls  and  ceilings  with  a  hard  or  impermeable  sur- 
ace,  which  has  no  cracks  or  inaccessible  ledges  which  may  retain 
nfection,  and  a  floor  of  best  asphalt  or  of  some  similar  impermeable 
naterial,  although  possessing  slight  disadvantages,  is  so  much 
luperior  to  wood  for  the  purpose  of  cleaning,  as  to  be  well  worthy 
>f  adoption  for  such  uses  in  wards  which  are  to  be  devoted  to  the 
nost  infectious  diseases. 

In  adapting  dwelling  houses  in  small  districts  to  the  uses  of  infec- 
ious  disease  hospitals  special  care  should  be  taken  to  select  houses  in 
solated  positions.  Such  buildings  should  not  be  used  for  this  pur- 
)Ose  in  large  cities. 

Such  hospitals  should  be  erected  in  a  careful  and  considerate 
aanner,  with  due  regard  to  growth  of  population,  and  upon  a  well 
tefined  plan.     Dr.  Thome's  inquiry  showed  that  — 

The  suitability  of  the  hospital  buildings  in  various  parts  of  the  country 
ras  to  a  very  great  extent  dependent  upon  the  circumstances  under  which 
ley  were  erected.  If  a  hospital  is  hurriedly  built  under  the  influence  of 
anic,  it  is  often  not  ready  for  occupation  uotil  the  immediate  cause  of  its 
rection  has  passed  by ;  it  provides  accommodation  of  a  very  indifferent 
3rt ;  it  fails,  almost  without  exception,  to  meet  the  permanent  require- 
lents  of  the  district  even  when  in  amount  it  turns  out  to  be  more  than  the 
istrict  needs  ;  and  thus  the  object  of  the  hospital  as  a  part  of  the  sanitary 
ef ences  of  the  district  is  often  attained  in  a  very  imperfect  manner  and  at 

needlessly  large  cost. 

possibility  of  spreading  infection,  — It  has  sometimes  been  urged 
bat  such  hospitals  might  become  centres  of  infection  from  which 
iseases  would  spread  to  the  neighboring  districts.  Careful  investi- 
ation  upon  this  point,  however,  among  the  numerous  hospitals  of 
Ilia  sort  in  Great  Britain  showed  that  no  danger  need  be  feared 
rom  this  source  except  in  the  case  of  small-pox.  A  thorough  inves- 
igation  made  by  Dr.  Power,  in  1882,  and  reported  to  the  Local 
Tovernment  Board,  showed  that  in  the  neighborhood  of  the  Fulham 
imall-pox  hospital  in  London,  small-pox  had  increased  almost  in  a 
lirect  ratio  to  the  nearness  of  the  population  to  the  hospital.     This 
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increase  was  also  independent  of  lines  of  human  intercourse.  In 
point  of  time  there  was  also  a  very  marked  relation  between  the 
varying  use  of  the  hospital  and  the  manifestations  of  excessive  small- 
pox in  the  neighborhood. 

Hence  much  greater  care  is  necessary  in  selecting  an  isolated  site 
in  the  case  of  hospitals  intended  for  the  reception  of  small-pox 
patients  than  is  necessary  in  the  case  of  those  which  are  to  be  used 
for  other  infectious  diseases. 

The  following  condensed  table  and  general  conclusions  are  takeo 
from  Dr.  Power's  report :  — 

Admissions  of  Aade  Small-pox  to  Fulham  Hospital^  and  Incidence  oj  Small-pot 
upon  Houses  in  Several  Divisions  of  the  Special  Area  during  Five  Epukmk 
Periods, 


In  Epidemie  Periods 

Since  Opening  of 

Hospital. 

IMOIDKHCB  i>K  BYBBT  HUHDRBD  HOITSBS  WITMIM  THB  KPtCUI. 
ABBA  ABD  ITS  UlVISIOVB. 

CA8I8  OP 

AcuTB  Small- 
pox Admitted. 

OnToUl 

Special 

Area. 

On  Small 

Circle  0-Af 

Mile. 

On  First 

RinB,^->tf 

llile. 

On  Second 
MUe. 

OnTWrl 

Mils. 

827, 

714,        .       . 

679, 

292,         .        . 

616, 
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Conclusions  Relative  to  the  Spread  of  Small-Pox  in  the  Neighbos- 

HOOD  of  HospriALS. 

1.  There  has  been  in  each  epidemic  period  an  excessive  incidence  of 
small-pox  in  houses  in  the  neighborhood  of  the  hospital  as  compared  with 
more  distant  houses  in  Chelsea,  Fulham  and  Kensington. 

2.  The  percentage  of  houses  invaded  in  the  neighborhood  of  the  hos- 
pital has  become  gradually  smaller  as  the  distance  of  the  hoases  from  the 
hospital  has  increased. 

This  gradation  has  been  very  exact  and  very  constant. 

3.  Houses  upon  the  chief  lines  of  human  intercoarse  with  the  hospiui 
have  not  suffered  more  than  houses  lying  in  other  directions  from  the  boi- 
pital. 

4.  In  point  of  time,  there  has  been  a  very  marked  relaticm  between  the 
varying  use  of  the  hospital  and  the  manifestations  of  excetsiTe  tmill'pos 
in  the  neighborhood. 
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This  relation  has  not  shown  itself  while  the  use  of  the  hospital  has  been 
for  convalescents  only. 

5.  The  appearance  of  excessive  small-pox  in  houses  around  the  hospital 
has  never  been  delayed  until  the  hospital  has  become  full,  or  nearly  full. 
It  has  been  always  most  remarkable  at  the  time  when  admissions  to  the 
hospital  were  beginning  to  increase  rapidly. 

In  the  succeeding  months  of  active  operations,  though  the  use  of  the 
hospital  may  have  gone  on  increasing,  the  excess  of  small-pox  upon  the 
neighborhood  has  habitually  become  less  marked. 

6.  On  comparison  of  different  epidemics  an  almost  constant  ratio  is 
observed  between  the  amount  of  the  hospital  operations  and  the  degree  of 
excess  of  small-pox  in  the  neighborhood. 

7.  The  machinery  of  the  hospital  administration,  with  inclusion  of 
defects  in  that  machinery,  does  not  account  for  the  peculiarity  of  small- 
pox incidence  within  the  three  parishes  of  Chelsea,  Fulham  and  Kensing- 
ton since  the  establishment  of  the  hospital. 

8.  There  must  have  been  some  condition  or  conditions  operating  to 
produce  the  observed  distribution  of  small-pox  around  the  hospital  that 
have  pertained  to  the  hospital  as  such,  and  that  have  been  in  excess  of  the 
condition  of  small- pox  extension  as  usually  recognized. 

9.  During  the  present  epidemic  peiiod,  and  most  probably  during  for- 
mer similar  periods,  there  has  arisen  in  the  atmospheric  circumstances  of 
the  time,  peculiar  facility  for  the  dissemination  in  an  undamaged  state  of 
any  matter  that  may  have  been  given  off  from  the  hospital. 

Disinfecting  Apparatus,  —  An  isolating  hospital  can  hardly  be  said 
to  be  complete  in  all  its  appliances  without  a  well-equipped  disinfect- 
ing apparatus.  This  may  be  used,  not  only  for  the  purpose  of  disin- 
fecting the  infected  material  which  must  necessarily  be  found  in  every 
such  hospital,  but  will  also  prove  a  powerful  ally  to  the  local  board 
of  health  for  the  disinfection  of  the  infected  articles  which  are  to  be 
found  wherever  scarlet  fever,  diphtheria,  typhoid  fever  and  other  in- 
fectious diseases  exist.  Such  articles  include  clothing,  bed  linen, 
mattresses,  and  all  the  textile  fabrics  which  are  capable  of  disinfection 
and  are  too  valuable  to  be  destroyed.  Such  disinfecting  stations  exist 
in  Berlin  and  in  Paris  as  separate  establishments,  and  are  conducted 
in  the  most  thorough  manner,  and  in  accordance  with  the  most  ap- 
proved methods.  There  is  no  reason,  however,  why  they  may  not 
be  employed  as  adjuncts  to  isolating  hospitals,  where  such  hospitals 
exist.  The  Board  of  Health  of  Boston  has  during  the  past  year 
established  such  a  station  at  its  new  infectious  hospital  at  Swett 
Street. 
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Efficient  forms  of  disinfecting  apparatus  are  also  made  for  use  in 
a  portable  shape,  and  are  now  made,  both  in  this  country  and  in 
Europe,  at  considerably  less  cost  than  the  stationary  establishments. 


Let  us  for  a  moment  consider  a  practical  illustration  of  such  a 
system  as  I  have  outlined :     A  father,  mother  and  four  small  chil- 
dren, the  latter  aged  two,  four,  six  and  nine  years,  occupy  a  tene- 
ment of  two  rooms,  including  a  kitchen  and  sleeping  room,  each 
about  twelve  feet  square  and  seven  and  a  half  or  eight  feet  high. 
The  kitchen  is  the  cooking  and  living  room  of  the  family,  and  both 
are  heated  by  the  kitchen  stove.     The  sleeping  room  is  occupied  at 
night  by  the  whole  family,  and  after  allowing  for  the  space  taken  by 
the  furniture  there  are  in  this  room  about  175  cubic  feet  of  air  space 
only  to  each  person,  which  is  doubled  by  the  open  door  into  the 
kitchen.     The  sleeping  room  has  but  one  window,  which,  in  winter, 
is  kept  constantly  closed,  and  there  is  no  special  means  for  ventila- 
tion.    I  am  not  here  describing  an  unusual  case,  but,  on  the  con- 
trary, one  which  is  of  very  common  occurrence  in  any  one  of  our 
lar<;e  manufacturing  cities. 

One  of  these  little  children  is  taken  ill  with  diphtheria  in  its 
severest  form.  There  is  no  provision  in  the  city  for  such  cases,  and 
the  mother  gives  the  child  the  best  care  which  she  can  afford  under 
the  circumstances.  The  neighbors  are  afraid  to  take  the  other  chil- 
dren to  their  homes.  The  next  child  is  too  young  to  attend  school 
and  the  law  excludes  the  older  children  from  school  during  the 
prevalence  of  illness  in  the  family,  thus  making  their  exposure  to 
infection  more  certain.  After  days  of  weary  watching  another  child 
falls  ill,  and  then  perhaps  the  mother  herself,  worn  with  care  and 
solicitude  for  her  little  ones,  becomes  a  victim  to  the  disease. 
Meanwhile  the  youngest  has  died,  and  is  laid  out  for  burial  in  a 
corner  of  the  kitchen,  the  living  room  of  the  family. 

Dr.  Kussell,  the  health  officer  of  Glasgow,  in  commenting  upon 
such  cases,  which,  in  a  crowded  city  like  Glasgow,  were  once  of 
very  frequent  occurrence,  says,  when  contrasting  the  condition  of 
the  rich  and  of  the  poor :  — 

Last  of  all,  when  you  die,  you  still  have  one  room  to  yoanelf,  wiiere  ia 
decency  you  may  be  washed  and  dressed  and  laid  oat  for  buriml.  If  tbai 
one  room  were  your  house,  what  a  ghastly  intmsion  yoa  woald  be*    As 
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bed  on  which  yoa  lie  is  wanted  for  the  accommodation  of  the  living.  The 
table  at  which  your  children  ought  to  sit  must  bear  your  coffin,  and  they 
must  keep  your  unwelcome  company.  Day  and  night  you  lie  there  until 
with  difficulty  those  who  carry  you  out  thread  their  tortuous  way  along  the 
dark  lobby  and  down  the  narrow  stair  through  a  crowd  of  women  and  chil- 
dren. You  are  driven  along  the  busy  and  unsympathetic  streets,  lumber- 
ing beneath  the  vehicle  which  conveys  your  scanty  company  to  the  distant 
and  cheerless  cemetery,  where  the  acrid  and  deadly  air  of  the  city  in  which 
you  lived  will  still  blow  over  you  and  prevent  even  a  blade  of  grass  from 
growing  over  your  grave. 

Dr.  Kussell  has  here  graphically  described  a  death  among  the 
abodes  of  the  poor,  but  when  the  death  is  from  infectious  disease, 
the  conditions  are  still  worse,  since  the  added  danger  of  infection  to 
the  remaining  members  of  the  family  only  doubles  the  distress  of  the 
household.  Now  for  such  conditions  as  I  have  described  the  infec- 
tious disease  hospital  provides  a  most  excellent  remedy,  and  while 
it  may  not  prevent  the  occurrence  of  the  first  case  in  the  family,  it- 
does  provide  for  the  taking  of  the  infected  person  to  a  suitable  place 
where  he  will  not  only  receive  far  better  care  himself,  but  will  not 
transmit  the  infection  to  his  brothers,  his  sisters  or  to  any  other 
person. 

In  the  hospital,  too,  in  place  of  overcrowded  and  ill-ventilated 
bed  chambers,  there  are  large  and  well-ventilated  wards ;  in  place  of 
foul  air  and  darkness,  there  is  fresh  air  and  sunlight ;  in  place  of 
scanty  food  and  food  that  is  ill  adapted  to  the  wants  of  the  sick  there 
is  food  selected  especially  for  the  case  in  hand,  and  more  than  all 
this,  there  is  good  nursing  and  the  best  of  care,  and  when  the 
patient  has  recovered  he  is  returned  to  his  family,  no  longer  a 
source  of  danger  and  of  infection. 

Of  the  few  establishments  of  this  character  now  in  use  in  this 
State,  one  is  at  the  State  Primary  School  at  Monson,  where  it  was 
built  about  ten  years  ago  for  the  purpose  of  receiving  any  cases  of 
infectious  disease  which  might  arise  in  the  school.  It  has  proved 
exceedingly  useful  for  the  purpose  of  isolating  such  cases  of  scarlet 
fever,  diphtheria  and  measles  as  have  occurred  in  the  school,  and 
has  undoubtedly  prevented  the  outbreak  and  continuance  of  severe 
epidemics  of  these  diseases,  which  are  very  liable  to  occur  among 
children  of  such  ages  as  are  usually  received  at  this  school.  When 
no  means  are  provided  for  isolating  sick  children  such  epidemics 
often  make  sad  havoc  among  them. 
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This  hospital  contains  four  wards  capable  of  accommodating  abo 
twenty  to  thirty  patients.  It  is  entirely  separated  from  the  otfa 
buildings. 
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Still  more  recently  an  isolating  hospital,  very  well  pknned  vi 
conveniently  arranged,  has  been  built  at  Cambridge,  under  A 
supervision  of  the  trustees  of  the  Cambridge  HoepHal. 
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A  general  plan  of  the  main  floor  of  this  building  is  shown  upon 
page  706.  The  arrangement  of  wards  in  this  building  is  so  planned 
as  to  admit  of  the  treatment  of  two  diseases,  and  also  of  the  two 
sexes  in  each  case,  without  any  possible  communication  between  the 
two  halves  of  the  hospital.  Fourteen  beds  can  conveniently  be 
accommodated  in  the  building.  There  are  also  two  rooms  for 
nurses  in  a  second  story  not  shown  in  the  plan,  separate  from 
each  other,  each  room  being  reached  by  a  separate  stairway. 

In  describing  the  conditions  essential  to  a  well-contrived  isolating 
hospital  for  a  large  city,  Dr.  Rowe  makes  the  following  valuable 
suggestions,  some  of  which  could  hardly  be  carried  out  to  the 
letter,  except  in  large  and  wealthy  communities  :  — 

The  wards  should  be  of  moderate  size,  not  to  exceed  thirty  beds.  The 
number  of  buildings  for  each  disease  should  be  sufficient  to  allow  one 
building  to,  so  to  speak,  '^  lie  fallow  "  for  renovation  and  disinfection. 
This  reserve  is  a  large  factor  iti  reducing  the  mortality  in  an  infectious  dis- 
ease hospital.  This  generous  installation  of  site,  buildings  and  appoint- 
ments is  not  always  practicable,  either  from  the  topography  of  a  city,  an 
available  site  or  the  financial  condition  of  a  municipality.  Such  estab- 
lishments, however,  do  exist.  The  Belvidere  Hospital  for  Infectious 
Diseases  in  Glasgow,  Scotland,  is  a  most  notable  example.  It  covers 
thirty-one  acres  of  land,  and  has  thirty-five  buildings  with  accommodations 
for  infection  usually  prevalent  in  a  large  city.  No  better  argument  for 
isolation  hospitals  can  be  adduced  than  a  rehearsal  of  the  experience  of  the 
health  authorities  of  Glasgow,  in  changing  the  most  unhealthy  city  of 
Great  Britain,  with  the  largest  mortality  rate,  into  a  clean,  healthful  city, 
with  a  low  death-rate. 

Acting  in  conformity  with  the  principles  which  Dr.  Rowe  has  laid 
down  in  the  paper  from  which  I  have  here  quoted,  the  trustees  of  the 
Boston  City  Hospital  have  now  made  provision  for  this  purpose  upon 
a  lot  of  land  near  the  city  hospital  in  Boston.  The  group  of  seven 
buildings  comprising  this  hospital,  now  nearly  completed,  consists 
of  two  twO'Story  ward  pavilions,  connected  by  covered  corridors 
with  an  administration  building.  The  other  buildings  are  a  con- 
venient lodge-house,  a  nurses'  home,  and  a  boiler-house,  laundry, 
mortuary,  etc.  The  cut  on  page  708  show^s  the  first  floor  of  one  of 
the  two  ward-pavilions  now  approaching  completion.  As  at  present 
arranged,  the  wards  are  designed  for  136  patients. 

The  wards  at  the  City  Hospital,  now  occupied  for  the  reception  of 
patients  ill  with  diphtheria  and  scarlet-fever,  were  intended  for  only 
forty-two  patients,  but  the  urgent  demands  made  upon  the  hospital 
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for  receiving  this  class  of  cases  has  required  them  to  be  occupied  by 
sixty  patients  much  of  the  time. 

••These  difficulties,"  say  the  trustees  in  their  report  of  the  year 
1892, ««  will  soon  be  remedied  by  the  completion  of  the  Chester  Park 
Hospital.  For  the  purpose  of  carrying  out  this  work  $271,000  were 
placed  at  the  disposal  of  the  trustees  for  the  construction  of  new  build- 
ings, $24,000  were  set  apart  for  the  construction  of  a  new  ambulance 
stable,  and  contracts  were  made  for  the  buildings,  to  cost  $203,000.'* 

In  referring  to  this  department  of  the  work  of  the  city  hospital 
for  the  year  1892,  Dr.  Rowe  says  :  — 

The  contagious  service  has  been  extremely  active,  a  larger  number  of 
patients  having  been  admitted  than  during  any  previous  year.  The  total 
number  of  patients  admitted  with  scarlet  fever,  diphtheria  and  other  com- 
plications was  788.  ... 

The  diphtheria  ward  has  seldom  been  crowded,  although  during  several 
months  it  has  been  full.  The  character  of  the  cases  was  severe,  the 
marked  characteristic  being  that  a  very  large  number  were  brought  to  the 
hospital  in  the  last  extremity.  It  follows  that  the  mortality  has  been  large. 
The  scarlet  fever  ward  has  not  only  been  full  at  all  times,  but  during  the 
winter  months  it  has  been  crowded  beyond  a  limit  that  was  judicious.  The 
hospital  attempted  to  provide  for  all  cases  of  scarlet  fever  that  applied  for 
relief.  .  .  .  Some  applicants  have  been  rejected  because  the  wards  were 
crowded  to  an  extent  detrimental  to  those  under  treatment.  .  .  .  When 
the  new  hospital  for  contagious  diseases  is  completed  it  is  expected  its 
capacity  will  meet  not  only  the  present  demands  but  also  provide  for  any 
epidemics  such  as  have  hitherto  existed  in  Boston,  and  also  keep  pace  with 
the  growth  of  the  population. 

The  increasing  favor  with  which  hospital  treatment  for  infectious 
diseases  is  regarded  by  the  public  is  shown  by  the  fact  that  in  Lon- 
don the  numbers  admitted  to  the  hospitals  of  the  Metropolitan 
Asylum's  Board  increased  from  2,197  in  1886  to  8,334  in  1890. 
One-third  of  all  the  infectious  cases  legally  admissable  were  treated 
in  those  hospitals  in  1890.  In  Brighton,  England,  in  1891,  70  per 
cent,  of  scarlet  fever  cases  were  so  isolated. 

**  The  whole  drift  of  hospital  provision  is  toward  the  prevention 
of  epidemics  by  the  isolation  of  first  cases  of  infectious  disease,  the 
improvement  of  the  treatment  of  the  cases  admitted  upon  that  ob- 
tained at  home  being  but  part  of  the  main  object,  but  tending 
materially  to  diminish  the  mortality." 

A  very  good  illustration  of  a  small  and  well-designed  isolation 
hospital  for  a  residential  town  of  20,000  inhabitants,  or  for  a  manu- 
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fucturing  town  of  a  smaller  population,  may  be  found  in  the  hospital 
at  Ealing,  England,  which  is  represented  in  the  accompanying  illus- 
trations. The  grounds  cover  about  two  acres  in  a  convenient  loca- 
tion upon  the  outskirts  of  the  village.  The  plan  includes  a  hospital 
for  about  twelve  or  sixteen  beds,  with  wards  for  two  diseases,  and 
opportunity  to  separate  the  sexes. 

An  administration  house,  porters'  lodge,  laundry,  mortuary,  ambu- 
lance shed  and  disinfecting  apparatus  are  also  provided.  The 
grounds  are  surrounded  by  a  brick  wall  about  six  feet  in  height. 
Space  is  also  shown  where  tents  may  be  erected  upon  a  concrete 
floor  in  case  of  an  unusual  epidemic.  The  same  space  may  also  be 
used  for  future  hospital  extensions. 

The  cost  of  this  establishment  was  about  $30,000,  including  cost 
of  land. 

In  the  construction  of  buildings  of  this  character  the  same  general 
rules  should  be  adopted  as  are  applicable  to  hospitals  in  general. 
The  trustees  or  committees  appointed  to  take  charge  of  construction 
should  make  themselves  acquainted  with  everything  requisite  to 
secure  the  best  buildings  for  hospital  purposes  which  modern  science 
and  trained  experience  can  produce.  In  illustration  of  the  neglect 
of  this  precautionary  measure  Mr.  H.  C.  Burdett,  author  of  ••  Hos- 
pitals and  Asylums  of  the  World,"  cites  the  following  instance  :  — 

This  very  autumn  we  had  to  inspect  a  new  hospital,  costing  many  thou- 
sands of  pounds,  where  the  committee  and  medical  staff  had  taken  infinite 
pains  to  secure  a  type  of  buildings  which  should  be  so  good  as  to  make 
their  institution  an  example  for  others  to  follow.  We  found,  however, 
that  the  buildings  actually  erected  were  a  failure,  and,  what  is  more,  a 
failure  of  the  worst  kind  ;  that  is  to  say,  the  faults  were  such  as  to  astonish 
any  one  who  had  taken  the  trouble  to  make  himself  practically  acquainted 
with  modern  progress  in  hospital  construction.  These  faults  were  not  due 
to  the  character  of  the  site,  or  to  any  special  circumstance,  but  arose  eo* 
tirely  from  ignorance,  and  what  we  venture  to  think  is  worse  than  ignorance) 
namely,  an  attempt  on  the  part  of  the  architect  to  adopt  what  he  believed} 
no  doubt,  to  be  modern  improvements  without  making  himself  acquainted 
with  the  purposes  those  improvements  were  intended  to  effect. 

One  of  the  first  hospitals  of  this  class  was  the  London  Fever  Hos- 
pital, established  about  1802,  at  Gray's  Inn  Road,  and  then  known 
as  a  •*  house  of  recovery,"  where  patients  convalesoing  fix>m  infec- 
tious diseases  could  l)e  taken  while  their  homes  were  being  detuMd 
or  disinfected.     It  was  afterward  removed  to  better  qfuurtert,  where 
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it  served  the  purpose  of  isolating  the  infected  sick,  and  thus  protect- 
ing the  healthy  part  of  the  population.  (See  plan  of  present  London 
Fever  Hospital,  page  713.)  The  rows  of  dwellings  upon  each  side 
of  this  hospital  show  its  close  relation  to  the  neighboring  population. 

Since  the  scope  of  this  paper  will  not  admit  of  the  details  of  hos- 
pital construction  the  reader  naay  be  referred  with  advantage  to  the 
excellent  work  of  Mr.  H.  C.  Burdett  recently  published,  entitled 
**  Hospitals  and  Asylums  of  the  World." 

In  the  fourth  volume  of  this  work  are  given  brief  descriptions  of 
the  following  hospitals  devoted  to  the  care  of  persons  suffering  with 
infectious  diseases :  — 


♦London  Fever  Hospital. 


I     Small-pox  Hospital,  Highgate  (Lon.). 


Hospitals  of  the  Metropolitan  Asylum's  Board. 


♦Eastern  (Horaerton). 

South  Western  (Stockwell). 
•NortheiTi  (Winchmore  Hill). 

Northwestern  (Flampstead). 
•South  Eastern  (New  Cross). 


Western  (Fulham). 
North  Eastern  (Tottenham). 
Hospital  Ships  (Long  Reach). 
*  Ambulance  Stations. 


Provincial  Infectious  Hospitals, 


Belvidere  Hospital  (Glasgu.w), 
♦Bradford  Fever  Hospital. 

Bolton  Borough  Hospital. 
♦City  Hospital  for  Infectious  Diseases 
(Newcastle-upon-Tyne). 

Delancey  Hospital  (Cheltenham). 

Gateshead  Hospital. 
♦Heathcote  Hospital  (Leamington). 

Hull  Corporation  Sanatorium. 

Infectious    Hospital    for    the    Joint 
Counties  (Carmarthen). 

Isolation  Hospital  (Huddersfield). 

Isolation  Hospital  (Oldham). 

Isolation  Hospital  (Horn soy). 

Kendray  Fever  Hospital  (Barnsley). 

Lady  well  Sanatorium  (Salford). 

Leeds  House  of  Recovery. 

Monsall  Hospkal  at  Manchester. 


Nethertield  Institution  for  Infeclious 

Diseases  (Liverpool). 
♦New  City  Hospital  (South),  Grafton 
Street  (Liverpool). 

Nottingham  Borough  Epidemic  iloi- 
pital. 

Port    Sanitary    Authority's    Hospital 

(London). 
♦River  Tyne  Port  Sanitary  Authorit}'* 
Hospital. 

Sanitary  Hospital  at  Bournemouth. 

Sheffield  Borough  Hospital  for  Infec- 
tious Diseiises. 

Sittingbourne  &  Milton  Joint  Infet*- 
tious  Hospital. 

TemiK)rary  Small-pox  Hospital  (Liv- 
erpool) . 


Continental  Infectious  Hospitals, 

♦Blegdams  Hospital  (Copenhagen). 

♦Ullevold's  Hospital,  Christiania  Communal  Epidemic  Hospital  (Sweden). 

Oresunds  Hospital. 

School  Sanatoria. 
Rugby  School  Sanatorium. 

King  Edward  VI.'s  School,  New  Sanatorium  (Sherboroe,  Donet). 

Blundeirs  School,  New  Sanatorium  (Tiverton,  Devoo). 
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Probationary  Wards. 

In  all  infectious  disease  hospitals  of  considerable  size  it  is  desirable 
to  establish  probationary  wards  for  the  observation  of  doubtful  cases. 
It  is  often  very  difficult  to  make  a  correct  diagnosis  at  the  outset  of 
a  case  of  infectious  disease.  Meanwhile  great  danger  is  incurred  by 
the  family  or  the  household  with  whom  the  patient  may  be  residing. 
It  therefore  is  a  matter  of  considerable  importance  to  provide  a 
place  where  the  patient  may  be  kept  under  such  surveillance  as  will 
avoid  danger  to  others,  if  the  case  proves  to  be  infectious,  and  at 
the  same  time  may  avoid  the  infection  of  the  patient  if  it  so  happens 
that  his  illness  proves  to  be  either  non-infectious  or  a  less  danger- 
ous disease. 

School  Sanatoria  y  or  Isolating  Wards. 

A  useful  application  of  the  system  of  infectious  disease  hospitals 
is  found  in  its  adaptation  to  the  uses  of  large  institutions  of  learn- 
ing, or  establishments  of  any  sort  in  which  young  people  are  congre- 
gated, either  for  educational  or  for  other  purposes,  away  from  their 
homes. 

It  is  by  no  means  a  matter  of  uncommon  occurrence  for  an  out- 
break of  infectious  diseases  to  take  place  among  the  inmates  of 
institutions  of  this  character.  Such  outbreaks  invariably  disturb 
the  harmony  of  the  college,  school  or  other  institution,  and  seriously 
interfere  with  the  regular  exercises.  Many  instances  of  such  out- 
breaks are  not  only  on  record,  but  in  some  cases  it  has  happened 
that  the  whole  school  or  college  population  has  been  broken  up  and 
sent  to  their  homes. 

The  existence  of  a  single  building,  in  which  the  first  cases  of  in- 
fectious disease  could  be  isolated  and  cared  for  until  convalescence 
ensued,  would  in  many  instances  have  obviated  much  of  this  trouble. 

Every  large  educational  establishment  should  possess  an  isolating 
ward  or  hospital,  which  could  in  emergencies  be  used  for  this  pu^ 
pose. 

While  the  infectious  diseases  of  childhood  are  not  so  fatal  nor  lo 
frequent  among  persons  of  school  or  college  ages,  their  occurrence  i» 
yet  sufficiently  common  among  this  class  to  require  extreme  eare  for 
their  prevention,  as  the  following  figures  will  show. 

The  deaths  from  certain  infectious  diseases  among  persons  be- 
tween the  age.s  of  fifteen  and  thirty  years  in  MaaaachusetU,  dariag 
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the  period  of  twenty-eight  years  ending  with  1890,  were  as  fol- 
lows :  — 

From  measles, 276 

"     scarlet  fever, 763 

"      diphtheria, 1,430 

"      small-pox, 1,171 

To  the  foregoing  figures  should  be  added  the  deaths  from  typhoid 
fever,  a  disease  which  finds  its  victims  in  the  period  fifteen  to  thirty 
years  in  the  greatest  numbers.  The  deaths  from  this  disease  at  those 
ages  for  the  same  period  in  Massachusetts  were  11,91^3. 

Phthisis  claims  a  much  larger  harvest  from  this  age  period  than 
either  of  the  foregoing  diseases,  the  number  of  deaths  being  57,197 
for  the  same  time  and  ages.  In  the  case  of  phthisis,  however,  while 
its  infectious  character  must  be  recognized,  the  peculiar  nature  of  the 
disease  unfits  its  victims  for  the  continuance  of  prolonged  study,  and 
all  such  persons  should  be  advised  to  discontinue  their  connection  as 
soon  as  the  nature  of  the  disease  is  recognized. 

Dr.  Sykes  concisely  explains  the  difierences  between  residential 
and  non-residential  schools  with  reference  to  the  subject  of  isolation 
as  follows :  — 

There  is  a  strong  contrast  in  the  manner  in  which  personal  infection  is 
spread  in  non-residential  and  residential  schools.  In  non-residential 
schools  children  from  various  households  meet  at  a  centre,  become  in- 
fected, and  returning,  distribute  the  infection  broadcast,  closure  being 
resorted  to  for  the  purpose  of  checking  its  spread.  In  residential  schools, 
on  the  other  hand,  the  infection  is  more  or  less  confined  to  the  limits  of  the 
school,  and  is  only  distributed  beyond  upon  the  disbandment  of  the  pupils. 
Hence,  it  is  interesting  to  note  that  opposite  results  may  follow  the  similar 
process  of  closing  a  school,  in  the  two  cases,  unless  extreme  precautions 
are  taken. 

Residential  schools,  like  other  residential  institutions,  protect  themselves 
from  admitting  infected  scholars  from  without  by  requiring  certificates  of 
freedom  from  infection,  or  from  contact  with  infection,  upon  admission ; 
and,  when  invaded,  from  the  spread  of  infection  within,  by  isolation  in 
proper  quarters.  Non-residential  schools,  where  the  attendance  is  daily, 
do  not  admit  of  the  application  of  measures  of  protection  in  this  form,  and 
are  dependent  upon  school-teachers  immediately  excluding  from  attendance 
children  suffering  from  infectious  disease,  or  being  members  of  an  infected 
family  or  household.  This  exclusion  can  only  be  enforced  by  the  teacher 
or  manager  being  informed  by  the  parents  or  by  the  sanitary  authority  of 
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the  cases  of  infectious  disease  occurring  amongst  the  scholars.  Compul- 
sory notification  is  therefore  a  valuable  protection  to  schools.  If  exclusion 
fails,  and  infection  reaches  a  school,  not  directly  but  indirectly,  by  the 
commingling  of  infected  with  healthy  children  beyond  the  precincts  of  the 
school,  it  points  to  the  absence  of  proper  seclusion  of  the  infected  children 
at  home  or  in  hospital,  and  it  is  only  when  seclusion,  as  well  as  exclusion, 
fail  to  prevent  an  epidemic  in  a  school  that  dissolution  or  closure  of  the 
school  is  justifiable.  Defects  of  internal  condition,  structure  or  site  liable 
to  lead  to  such  a  result  are  naturally  also  included  in  such  justification. 

The  memorandum*  issued  in  December,  1890,  by  the  chief  medi- 
cal officer  of  the  Local  Government  Board  explains  in  a  very  full 
and  lucid  manner  the  measures  necessary  to  be  taken  in  this  direc- 
tion for  the  protection  of  **  public  elementary  schools"  by  sanitary 
authorities. 

Summary. 

The  advantages  of  the  separate  hospital  for  infectious  diseases 
may  be  summed  up  briefly,  as  follows  :  — 

1.  They  allow  the  complete  isolation  of  the  sick  in  cases  where 
the  sick  cannot  bo  efibctively  separated  at  their  homes. 

2.  The  work  of  the  wage-earner,  the  ordinary  duties  of  the 
household  and  the  school  attendance  of  children  can  go  on  as  usual 
without  interruption. 

3.  Infection  is  thus  kept  by  itself  in  a  place  where  it  can  be 
intelligently  treated  and  destroyed.  Otherwise,  in  tenement-houses 
and  crowded  dwellings,  and  among  those  who  are  ignorant  of  its 
nature  and  its  proper  management  and  control,  it  may  spread  and 
cause  infinite  harm. 

4.  Cities  requiring  such  hospitals  should  not  wait  for  the  hurried 
impetus  derived  from  panic,  but  should  construct  carefully  and 
thoroughly,  and  with  due  regard  to  their  own  8i)ecial  needs.  Such 
hospitals,  like  fire  departments,  when  completed  should  be  always 
ready  for  immediate  use.  They  should  be  accessible  and  under 
wise  and  intelligent  management. 


•  Quoted  Id  full  in  twenty-third  aDoual  report  of  Sute  Board  of  Health,  1891,  paft  ZTt. 
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APPENDIX. 

Practice  of  Different  Countries. 

In  the  following  pages  are  grouped  some  of  the  essential  data 
relative  to  the  progress  of  different  countries  in  this  particular  direc- 
tion for  preventing  the  spread  of  infectious  diseases. 

For  a  portion  of  this  information  the  writer  is  indebted  to  Dr.  Palm- 
berg's  recent  work  entitled  **  Public  Health  in  its  Applications  in 
Different  European  Countries." 

England. 

Memoranda  of  the  Local  Government  Board  of  England. 

Regulations  as  to  Hospitals  (Memx>randum  on  Hospital  Accommodation), 
—  Means  for  separating  the  sick  from  the  healthy  should  always  be  pro- 
vided. When  two  contagious  diseases  break  out  at  the  same  time,  they 
should  each  be  separately  isolated. 

In  towns,  and  for  several  villages  of  smaller  size,  there  should  be  pro- 
vided at  least  two  special  wards  with  four  beds  in  each,  in  order  that  the 
sick  may  be  isolated  from  the  commencement.  Such  a  very  small  infirmary 
would  be  very  valuable  for  arresting  the  progress  of  an  epidemic. 

Fig.  1  represents  a  very  simple  type  of  hospital,  having  one  ward  for 
each  sex,  with  the  necessary  annexa.  This  plan  accompanies  the  memo- 
randum of  the  Local  Government  Board. 

Fig.  2  represents  two  sections  of  the  same  building,  the  one  to  the  left 
having  simple  walls  and  serving  for  summer  rooms ;  the  one  to  the  right 
having  double  walls  is  a  permanent  structure.  At  the  base  of  the  external 
walls  are  openings  for  the  admission  of  fresh  air,  seen  on  the  front  of  the 
elevation  (Fig.  1).  In  the  roof  are  other  openings  for  the  escape  of  foul 
air,  but  chimneys  or  special  tubes  are  the  best  for  this  purpose. 

In  rural  districts  without  a  hospital,  a  trustworthy  married  couple  with- 
out children  may  be  charged  with  the  isolation  and  care  of  cases  of  infec- 
tious disease.  In  the  event  of  a  more  serious  epidemic,  several  lodgings 
may  be  hired  for  the  sick,  or  Ihey  may  be  isolated  in  temporarily  erected 
tents  or  barracks. 

Fever  hospitals  in  urban  districts  ought  to  have  one  bed  for  every  1,000 
inhabitants.  In  manufacturing  towns  with  a  very  dense  population,  this 
proportion  ought  to  be  even  greater ;  while  in  wealthy  and  less  dense  towns, 
with  houses  of  a  good  class,  one  bed  for  every  2,000  inhabitants  may  suffice. 

Permanent  fever  hospitals  are  built  on  the  system  of  separate  pavilions. 
There  must  be  at  least  four  wards  for  patients,  as  well  as  a  pavilion  for 
administration. 
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Sick  wards  can  be  arranged  in  pavilions  connected  in  pairs,  as  shown  io 
Fig.  8,  which  is  taken  from  the  memorandum  of  the  Local  Grovemment 
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The  mioimnm  distance  between  the  pavilions  should  be  thirty  feet. 
Fig.  4  shows  another  arrangement  of  sick  wards  which  is  preferable 
when  sufficient  ground  is  available. 
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The  sick  wards  may  also  be  placed  on  different  stories  of  the  same 
pavilion. 

Two  of  them,  one  for  each  sex,  are  reserved  for  persons  suffering^from 
the  same  infectious  disease. 

All  the  wards  should  be  kept  separate,  and  independently  warmed  and 
ventilated.     To  facilitate  the  work  of  the  staff  a  corridor 'connects  all  the 
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pavilions.  The  latter  should  be  so  placed  that  the  air  can  circulate  freely 
between  them.  The  space  between  the  pavilions  should  be  at  least  one  and 
a  half  times  as  gi*eat  as  the  height  of  each  pavilion ;  and  if  a'pavilioo  is 
intended  for  small-pox,  the  distance  should  be  still  greater.  It  is  prefer- 
able to  place  small-pox  in  an  entirely  separate  building  as  remote  as  possi- 
ble from  all  other  buildings. 

In  wards  for  infectious  diseases  there  should  be  openings  for  admission 
of  Ifresh  air  between  each  bed,  a  little  above  the  floor,  so  that  pure  air 
bathes  the  patient's  bed.  They  should  be  furnished  with  a  grooved  fasten- 
ing, so  that  the  admission  of  air  can  be  graduated.  The  openings  for 
extraction  of  foul  air  should  be  near  the  ceiling,  and  as  remote  as  possible 
from  those  admitting  fresh  air.  They  should,  unless  entering  into  the 
chimney-breast,  be  caiTied  vertically  to  the  roof  and  be  provided  with  tn 
aspirating  cowl. 

Memorandum  of  Ambulances, 

For  the  conveyance  of  patients  who  are  sick  with  infectious  disease,  spe- 
cial carriages  or  ambulances  are  necessary.  The  following  points  have  to 
be  attended  to  in  the  provision  and  use  of  such  carriages  :  — 

1.  If  the  ambulance  be  intended  only  for  journeys  of  not  more  thant 
mile,  it  may  be  made  so  as  to  be  carried  between  two  people,  or  it  may  be 
on  wheels  and  to  be  drawn  by  hand.  If  the  distance  be  above  a  mile,  the 
ambulance  should  be  drawn  by  a  horse.  Every  ambulance  on  wheels  should 
have  easy  carriage  springs. 

2.  In  the  construction  of  an  ambulance,  special  regard  should  be  had 
to  the  fact  that  after  each  use,  it  has  to  be  cleansed  and  disinfected.  The 
entire  interior,  and  the  bed-frame  and  bed,  should  be  of  materials  that  can 
be  washed. 

3.  TIic  ambulance  should  be  such  that  the  patient  can  lie  at  fall 
length  in  it ;  and  the  bed- frame  and  bed  should  be  movable,  so  that 
the  patient  can  be  arranged  upon  the  bed  before  being  taken  out  of  his 
house. 

4.  With  an  ambulance  there  should  always  be  a  person  specially  in 
charge  of  the  patient ;  and  a  horse  ambulance  should  have  a  seat  for  such 
person  inside  the  carriage. 

5.  After  every  use  of  an  ambulance  for  infectious  disease,  it  should  be 
cleansed  and  disinfected  to  the  ^tisfaction  of  a  medical  officer. 

6.  Hoth  in  very  populous  districts,  and  in  districts  which  are  of  very 
wide  area,  it  may  often  happen  that  more  than  one  ambalance  will  be 
wanted  at  one  time ;  and  in  any  district,  if  more  than  one  infectioas 
disease  is  prevailing,  there  will  be  an  evident  sanitary  advantage  in  having 
more  than  one  ambulance  for  use. 
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Rules  for  Hospitals  for  Infectious  Diseases. 

I .  The  medical  officer  is  the  responsible  eitperialendent  of  tlie  estab- 
lisbment.  It  is  bis  di)ty  to  visit  tile  bospital  even  at  times  when  there  are 
no  patiente,  to  ensure  tliat  tlie  matron  and  nurse  are  at  their  post,  and  Chat 
everything  is  ready  for  the  reception  of  patients. 

i.  The  matron  and  head  nurse  ought  to  maintain  the  greatest  cleanli- 
ness and  to  see  that  the  beds  are  well  aired,  conveniently  arranged,  and 
always  ready  to  receive  patients.  They  ought  also  to  keep  the  inventory 
of  everything  belonging  to  the  hospital.  They  are  forbidden  to  absent 
themselves  together  without  express  authority.  They  must  carry  out  the 
orders  of  the  doctor  and  be  responsible  for  the  conduct  of  the  staff  itnd  the 
nnvses. 

3.  The  matron  (or  steward,  if  there  is  one,  as  in  large  hospitals)  must 
be  prepared  monthly  lo  present  the  books  of  accounts  to  the  sanitary 
authority. 

Instructions  for  Nurses,  Patients  and   VisUora. 

1 .  Every  applicant  for  admission  to  a  hospital  should  have  a  medioal 
cerlilleate  of  the  disease  from  which  he  is  suffering. 

2.  A  patient  can  be  attended  by  a  doctor  of  his  own  choice  other  than 
the  medical  olHcer  of  the  hospital  at  his  own  cost. 

3.  Xo  person  is  admitted  to  the  hospital  without  the  permission  of  the 
medical  officer. 

4.  No  patient  is  permitted  to  leave  the  hospital  until  discharged  by  the 
medical  officer. 

5.  The  patient's  clothes  must  be  disinfected  before  being  given  up  to 
bim  at  his  discharge. 

fi.  OlSccrs  and  servants  of  the  hospital  are  not  allowed  to  leave  the 
hospital  without  authority  of  the  medical  officer ;  and  they  must  flrst 
change  their  clothes. 

The  following  table  contains  some  of  the  most  essential  data  relative  to 
several  of  the  hospitals  embraced  in  Dr.  Thorne'a  report.  Values  are 
expressed  approximately,  in  United  States  equivalents,  instead  of  English 
money. 


STATE  BOARD  OP  HEALTH.       [Pub.  Doo 


I 

I. 


1      ^ 

n 

i   li        1  , 

SS.I 

fi 

■  '1    ■    H 

ilr 

^^ 

Ml      If 

Ifll 

II 

-  l.J  11 

1 

ill 
1-1 1 

U 

Ik 

'1 

Hi    1  i  ! 

li.  id 

3-a  !i 

!!1 

1 

IK  If  1  .i 

a's= 

u » 

f=l"l     l'i=M 

S       1 

«  5 

IS       1  =  1     !     1    1 

s 

1 

POIOM  ■L»llrt"'ll 

2            J 

II 

II    IHI  li 

^a-is&is^ 

1     1 

II 

i           2         III' 

5       3 

Is 

3  i  i  h  i  1 1: 

..p^^«.™k 

a 

3    S 

-    11      i  a  a    a    »  ■ 

-frndoj   pn<>?t 

1      1 

li 

II  III  }  '! 

1  *  ; : :  ■  : 

1 

1 

II 

i  iflf  ! 

iS 

J 

III             III 

No.  34.]  ISOLATION  HOSPITALS.  723 

Glasgow. 

The  following  description  is  quoted  from  the  oflScial  report  of  the  trustees 
of  the  Glasgow  Fever  Hospital :  — 

*^The  grounds  possess  great  natural  beauty,  rising  gently  as  you 
approach  the  Clyde,  where  they  are  broken  by  three  small  glens,  once  the 
beds  and  sloping  banks  of  three  streams.  The  whole  estate  is  well  wooded, 
especially  along  the  avenue  and  western  boundary,  where  the  rooks  have 
recently  established  themselves  in  the  tops  of  the  old  beeches.  The  con- 
valescents are  allowed  to  wander  at  will  over  the  many  beautiful  walks,  and 
in  the  summer  it  is  one  of  the  most  pleasant  sights  to  see  the  children  roll- 
ing about  on  the  grassy  slopes  of  the  glens,  and  the  seats,  placed  here  and 
there,  occupied  by  groups  of  people  who  for  the  first  time  in  the  lives  of 
many  are  tasting  of  the  sweets  of  Nature.  At  the  rear  of  the  fever  hospi- 
tal several  acres  are  laid  out  as  a  flower  garden,  with  a  greenhouse,  from 
which  the  wards  are  supplied  with  potted  plants.  Flower  plots  are  dis- 
tributed here  and  there  between  the  pavilions  and  in  other  open  spaces. 
At  a  distance  of  some  four  miles  southward,  the  wooded  heights  of  the 
Cathkin  Hills  close  in  the  horizon." 

^^  The  whole  buildings,  except  that  occupied  by  the  medical  and  nursing 
staff  and  matron,  are  built  of  brick.  The  wards  are  distributed  in  pairs, 
in  thirteen  totally  isolated  pavilions,  all  running  north  and  south.  They 
are  sixty  feet  apart  laterally,  and  are  placed  in  rows  of  two,  three,  four  and 
five,  in  succession  from  the  bank  overlooking  the  Clyde  towards  London 
Road.  Tbey  have  tlius,  to  one  standing  in  their  midst,  the  appearance  of 
a  large,  uniformly  laid-out  village.  Each  pavilion  is  only  one  story  in 
height,  with  a  well-ventilated  basement  beneath,  so  that  the  level  of  the 
ward  is  reached  by  a  flight  of  steps.  The  two  rows  of  four  pavilions  are 
separated  by  a  range  of  buildings  running  east  and  west,  the  centre  of 
which  contains  the  kitchen,  one  story  in  height,  and,  like  the  pavilions, 
open  to  the  roof.  At  either  end  there  is  another  story,  the  eastern  accom- 
modating various  stores  and  the  dispensary ;  the  western,  the  under  ser- 
vants' rooms.  At  London  Road  there  is  a  main  lodge  controlling  to  the 
west  the  entrance  to  the  small-pox  hospital,  and  to  the  east,  the  approach 
to  the  fever  hospital.  At  the  south  end  of  this  approach  is  the  fever  lodge 
and  enquiry  rooms  for  patients'  friends,  with  the  Dorcas  Society's  stores  in 
an  attic  story,  and  running  north  along  the  avenue,  the  morgue,  with  room 
for  funeral  parties,  with  entrance  from  the  road  so  that  hearses,  etc.,  do 
not  come  within  the  hospital  enclosure.  Just  inside  this  gate  is  the  washing- 
house  and  laundry,  with  the  suite  of  steam  boilers  to  the  south,  a  cremator 
for  soiled  beds,  and  the  central  coal  depot.  The  boilers  are  three  in  num- 
ber, double-flued,  and  in  size  seven  feet  six  inches  by  twenty-six  feet  four 
inches.  Farther  south  are  a  smithy,  carpenters'  shop  and  fire-engine 
staiioD.     Soathwestward,  some  forty  yards,  are  the  stables,  ambalance 


724  STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 

shed,  etc.  Still  westward  is  a  large  three-story  stooe  block,  erected  on  the 
site  of  the  old  maDsion  house,  containing  eighty-foar  single  bed-rooms  for 
nurses,  with  recreation  rooms  on  each  flat.  These  occupy  the  lateral  wings, 
while  the  centre  is  reserved  for  the  matron  and  medical  staff.  In  front  of 
this  building  there  is  a  spacious  lawn,  with  tennis  court,  bounded  south- 
wards towards  the  Clyde  by  a  sloping  bank  planted  with  trees." 

^^  There  are  three  hundred  beds  on  the  scale  of  2,000  cubic  feet  for  adults; 
but  as  a  large  proportion  of  the  patients  are  children,  for  whom  1,200  feet 
is  sufficient,  a  much  larger  number  of  patients  can  be  accommodated.  The 
dimensions  of  every  pavilion  and  ward  are  exactly  the  same ;  but  as  they 
were  erected  at  different  times,  sundry  little  but  important  differences 
exist.  The  two  southern  pavilions  were  built  last,  and  the  description  of 
one  will  suffice.  It  has  a  basement  eight  feet  from  ground  to  floor  level. 
The  outside  length,  from  end  to  end,  is  one  hundred  and  sixty-eight  feet; 
the  outside  breadth,  twenty-six  feet ;  the  height,  from  ground  level  to  ridge 
of  roof,  thirty-two  feet.  There  are  two  wards,  each  divided  into  a  conva- 
lescent and  acute  ward.  A  flight  of  steps  on  both  sides  gives  access  to  i 
vestibule,  from  which,  on  one  hand,  are  the  entrances  to  these  subdivisions, 
while,  on  the  opposite  side,  is  the  pantry,  opening  directly  off  the  passage, 
and  a  lobby,  to  the  left  of  which  are  the  bath-room  and  water-closet,  and 
to  the  right  a  steep-room  for  soiled  linen,  these  last  being  farthest  from  the 
wards.  All  these  appurtenances  are  therefore  completely  isolated  in  a  pro- 
jecting annex.  The  entrance  and  annex  of  each  ward  are  on  opposite  sides 
of  the  pavilion.  On  the  side  opposite  to  the  entrance  of  the  acute  ward  is 
a  nurse's  duty  room,  where  there  is  a  '  poison  press '  and  a  napery  press, 
with  chairs  and  a  table.  The  front  projects  into  the  ward  with  sloping 
roof  and  glass  sides,  giving  a  full  view  of  the  ward.  The  internal  dimen- 
sions are  as  follows :  acute  ward,  length,  56  feet  8  inches ;  convalescent 
ward,  length,  24  feet.  In  both  the  breadth  is  22  feet ;  the  height  to  the 
wall  head,  14  feet  6  inches ;  to  the  roof  tree,  28  feet  9  inches.  The  floor- 
age  of  the  acute  ward  is  1 ,287  square  feet ;  of  the  convalescent,  528  square 
feet.  The  total  cubic  contents  of  the  acute  ward  are  28,500  cubic  feet;  of 
the  convalescent  ward,  10,000.  The  number  of  adult  beds  is  eleven  for 
the  acute  and  four  for  the  convalescent  ward ;  but  in  the  case  of  children 
twenty  cribs  are  allowed." 

^^  All  the  flooring  of  the  wards  is  of  Dantzic  oak,  waxed.  The  veetibole 
and  annex  are  laid  with  tiles.  The  walls  are  coated  with  Keene's  cement 
Some  wards  are  oil-painted  and  varnished,  but  the  more  recent  are  treated 
with  light  blue  or  green  distemper,  which  can  frequently  be  renewed.  All 
the  woodwork  is  varnished.  Care  is  taken  to  avoid  flat  sarfaces  giving 
lodgment  for  dust.  The  principal  rafters  are,  therefore,  of  light  T  iron, 
and  the  tiles  of  thin  rod  iron." 

^^  The  heating  is  by  hot  water  circulating  in  pipes  which  are  led  loond  the 
walls  above  the  floor.    This  is  derived  from  two  hot-wmler  tanks  beated 
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by  steam,  and  placed  beneath  the  entrance  hall  of  each  ward,  to  which 
access  is  obtained  from  the  outside  by  a  stair  leading  to  the  basement. 
There  are  also  open  fires  at  either  end  of  each  ward.  Pavilions  with 
numerous  windows  and  open  to  the  roof  are  very  difficult  to  warm  suffi- 
ciently during  winter.  Experience  at  Parliamentary  Road  soon  showed 
that  it  would  be  necessary  to  check  radiation  by  the  large  glass  area,  and 
accordingly  the  device  of  double  glazing  each  pane  with  an  interval  of 
three-quarters  of  an  inch  of  air  space  was  adopted.  The  wards  at  Belvi- 
dere  are  kept  at  55°  to  60°  in  the  coldest  weather.  There  are  heating  coils 
in  the  vestibule  and  bathroom." 

^'  Fresh  air  is  admitted  by  direct  openings  beneath  the  windows,  which  are 
numerous,  so  that  it  passes  over  the  heating  pipes.  These  openings  are 
controlled  by  an  arrangement  which  admits  of  gradation,  and  cannot  be 
interfered  with  except  by  the  nurse.  There  are  skylights  on  opposite  sides 
of  the  slope  of  the  roof,  Boyle's  ventilators  fixed  on  the  ridge,  and  venti- 
lating shafts  alongside  the  chimneys,  with  openings  controlled  by  movable 
louvres  and  the  apex  of  the  roof." 

**  The  principles  kept  in  view  in  furnishing  are  simplicity,  smooth  surfaces 
and  facility  of  removing  and  cleaning.  The  bedsteads  are  wrought  iron, 
the  tables  and  chairs  hardwood,  varnished.  In  the  children's  wards,  iron 
cribs  are  provided,  and  pigmy  forms  and  tables  suited  to  their  size.  All 
cupboards,  presses,  etc.,  are  movable  on  iron  rollers,  like  American  trunks. 
The  mattresses  are  stuffed  with  straw,  the  pillows  with  chaff.  They  are 
renewed  for  every  new  patient  and  whenever  soiled.  Wood  wool  was 
recently  tried  as  a  substitute  for  straw,  but  was  found  speedily  to  break 
down,  and,  on  account  of  the  consequent  expense  and  larger  quantity  and 
more  frequent  renewal,  was  not  adopted." 

^^  The  nurses  are  graded  in  three  classes —  probationers,  nurses  and  head 
nurses.  After  a  year's  probation,  during  which  she  attends  lectures  on 
fever  nursing  given  by  the  assistant  physicians,  the  probationer  is  sub- 
mitted to  a  written  and  viva  voce  examination.  If  she  passes  satisfactorily, 
she  gets  a  '  Certificate  of  Proficiency  in  Fever  Nursing,'  first,  second  or 
third  class,  signed  by  the  physician  superintendent,  and  becomes  a  nurse. 
The  wage  of  a  probationer  is  £18,  and  advances  gradually  to  £30,  all 
getting  two  uniform  suits  per  annum  for  ward  use  alone.  To  work  a 
purely  pavilion  hospital  such  as  Belvidere,  all  its  parts  distributed  over  a 
large  area,  and  to  maintain  the  large  extent  of  fiower  garden  and  pleasure 
ground  attached,  requires  a  large  staff.  The  distribution  of  coals  is  done 
by  an  open  lorry,  on  which  all  the  coal-boxes  are  placed  and  driven  round 
the  wards.  The  food  is  distributed  by  a  covered  van,  divided  into  com- 
partments, each  of  which  holds  the  allowance  for  a  ward.  The  ashes  are 
collected  daily  from  portable  circular-covered  ashbins  countersunk  in  the 
ground  adjacent  to  each  ward,  an  arrangement  which  combines  convenience 
and  perfect  sightliness  and  inoffensiveness.    The  whole  institution  is  under 
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the  care  of  a  physician  Baperintendent,  who  is  assisted  in  the  general  busi- 
ness of  the  hospital  by  a  house  steward,  and  in  the  medical  charge  bj  two 
permanent  medical  assistants.  These  are  supplemented,  as  occasion  re- 
quires, by  extra  assistants.  In  fact,  there  are  seldom  less  than  three 
assistants,  and  usually  in  the  autumn  and  winter  there  are  foar  or  fire. 
These  appointments  are  in  great  request  among  the  best  students  of  the 
Glasgow  school.  They  are  only  given  to  qualified  men,  and  by  preference 
to  such  as  have  been  house  surgeons  in  either  of  our  infirmaries.  They 
remain  from  one  to  two  years.  The  present  physician  superintendent, 
Dr.  J.  W.  Allan,  was  appointed  in  August,  1875,  and  has  contributed 
much  by  his  urbanity,  good  management  and  rich  experience  to  win  and  to 
retain  the  confidence  which  Belvidere  undoubtedly  possesses  both  with  the 
profession  and  the  public." 

^'  In  calculating  the  cost  of  treatment,  the  expenditure  on  the  small-pox 
hospital  is  always  thrown  in  with  that  on  the  fever  hospital.  There  having 
been  only  rare  and  isolated  cases  of  small-pox  for  some  years,  120  beds 
have  been  constantly  used  for  scarlet  fever,  and  only  one  pavilion,  barri- 
caded off  with  the  whole  aflministrative  buildings,  for  small-pox.  A  small 
staff  is  maintained  there.  The  last  financial  year  for  which  the  accounts 
are  made  up  (June  1,  1886,  to  May  31,  1887)  may  be  taken  as  an  iUustrft- 
tion  of  the  expenditure,  number  and  nature  of  cases  treated,  etc.  There 
was  not  a  single  case  of  small-pox  treated,  but  £558  were  expended  in  the 
small-pox  hospital;  £15,945  in  the  fever  hospital;  2,790  cases  were 
treated,  including  1 ,270  cases  of  scarlet  fever,  504  of  measles,  204  of 
enteric  fever,  176  of  whooping-cough,  87  of  typhus,  134  of  erysipelas, 
diphtheria,  chicken-pox  and  puerperal  fever,  the  balance  being  made  up  of 
nursing  mothers  and  cases  of  mistaken  diagnosis.  The  average  residence 
over  all  was  43.3  days  (which  is  high,  owing  to  the  regulation  residence 
being  eight  weeks  for  scarlet  fever) ;  the  average  daily  number  of  patients, 
332 ;  the  average  cost  of  treatment  per  patient,  £5  18s.  This  does  not  in- 
clude interest  on  capital  expended  in  building  and  furnishing  hospitals,  bat 
does  include  ground,  annual  and  all  current  expenditure  in  maintaining  the 
whole  estate  and  working  the  hospitals.  Taking  one  year  with  another, 
the  average  mortality  is:  for  typhus,  13  per  cent. ;  enteric  fever,  12  per 
cent. ;  scarlet  fever,  12  per  cent. ;  measles,  5  per  cent. ;  whooping-coagb, 
12  per  cent. ;  and  over  all  cases,  10  per  cent." 

*^  In  the  northeast  corner  of  Belvidere  estate,  the  central  washing  and  dis- 
infecting establishment  for  the  city  is  situated,  occupying  an  area  of  2,500 
square  yards.  In  those  times  when  the  treatment  of  infections  disetses 
was  left  to  the  Royal  Infirmary,  whatever  disinfection  was  carried  oat  at 
the  houses  of  the  patients  was  also  performed  by  the  directorB.  In  their 
annual  report  for  1824  they  refer  to  this  fact.  The  first  washing-booae 
established  by  the  authorities  was  a  small  place  with  a  few  tobt  in  a  dose 
off  the  High  Street.    This  was  opened  in  1864.    Wliea  Bdriden  was 
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acquired,  half  of  the  existing  fever  hospital  washiog-hoase  was  reserved 
for  this  purpose.  This  soon  proved  inadequate,  and  the  present  separate 
establishment  was  finished,  in  1883,  at  a  cost  of  £8,400.  It  is  essentially 
a  washing-house,  fitted  up  with  the  best  mechanical  appliances,  to  which 
the  articles  to  be  treated  are  driven  by  a  service  of  vans.  There  is  a  Lyons 
disinfector,  in  which  mattresses,  clothing,  etc.,  which  cannot  be  washed, 
are  disinfected,  a  cremator  for  burning  straw,  chaff,  wool,  fiock  and  other 
articles,  '  whose  end  is  to  be  burned,'  and  a  carpet-beating  machine.  It 
has  just  been  resolved  to  spend  £800  in  improving  the  arrangements,  and 
especially  in  adding  appliances,  devised  by  the  sanitary  inspector,  for 
treating  everything  which  is  ultimately  to  be  washed  with  a  solution  of 
bichloride  of  mercury,  which,  it  is  expected,  will  make  the  articles  innocu- 
ous before  passing  them  on  to  the  washers.  On  an  average,  1,000  articles 
per  day  are  treated  in  one  way  or  another." 

^^  The  hospitals,  the  washing-house,  and  the  sanitary  office  in  the  city  are 
all  in  telephonic  connection." 

Germany. 

The  following  regulations  pertain  to  the  organization  of  hospitals  for 
infectious  diseases  in  Germany. 

A.  The  building  must  be  isolated  and  situated  in  an  open  space,  if  pos- 
sible, away  from  inhabited  quarters,  but  at  such  a  distance  that  the  patients 
may  be  taken  to  it  without  difficulty  or  distress. 

B.  There  must  be  no  communication  between  the  hospital  and  its  sur- 
roundings, and,  where  necessary,  complete  isolation  must  be  established. 

C.  The  beds  must  be  separated  by  at  least  seventy-five  to  ninety  centi- 
meters and  each  patient  allowed  fourteen  cubic  meters  of  space.  (These 
requirements  would  hardly  meet  the  demands  of  modern  hospital  hygiene.) 

Convalescents  are  placed  by  themselves.  Hospitals  must  be  provided 
with  spare  wards  so  that  the  occupied  wards  may  be  vacated  from  time  to 
time  and  carefully  purified. 

D.  The  air  of  the  hospital  must  be  kept  fresh  and  pure.  The  furniture 
must  be  kept  perfectly  clean,  as  well  as  the  rooms. 

E.  The  clothing  of  the  patients  must  be  separately  stored  and  carefully 
disinfected  before  it  is  returned  to  them. 

F.  Convalescents  must  be  isolated  till  they  leave  the  hospital. 

Berlin. 

Hospitals  for  Isolation. 

At  Berlin  the  preventive  measures  against  infectious  diseases  are  organ- 
ized according  to  the  regulations  in  force  throughout  the  Empire. 

A  large  hospital  for  isolation  has  been  built  by  the  corporation,  com- 
posed of  twenty-four  detached  pavilions  of  one  story,  with  an  additional 
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bailding  for  emergencies.     A  space  is  reserved  for  the  construction  of  six 
additional  pavilions. 

This  hospital  (das  stadtische  Krankenhaus  Moabit)  is  situated  in  a  space 
nearly  open  on  all  sides  on  the  Moabit  quarter,  near  to  the  public  park,  and 
small  Thiergarten.  The  ground  has  the  form  of  an  elongated  rectangle. 
Pavilions  are  built  on  the  long  sides  facing  east  and  west.  The  distance 
between  each  is  seventeen  meters,  and  the  two  sides  are  separated  by 
sixty-four  metres.  The  intermediate  space  is  occupied  by  lawns,  groups 
of  trees  and  shrubs. 

The  buildings  cover  a  surface  of  10,000  square  meters,  of  which  6,432 
are  occupied  by  buildings;  the  grounds,  mortuaries,  etc.,  take  up  the  re- 
mainder. 

Each  pavilion  contains  a  ward  28.25  meters  in  length,  6.90  meters  in 
width,  and  3.14  meters  in  height.  Each  contains  thirty  beds  —  too  many 
in  a  hospital  for  infectious  diseases,  as  that  allows  only  twenty-seven  cubic 
meters  for  each  patient.  The  ward  is  lighted  by  windows  in  the  side  walls, 
one  being  placed  between  every  two  beds. 

The  materials  employed  in  the  construction  are  blocks  of  wood  interca- 
lated with  bricks.  The  inside  walls  are  lined  with  boards  painted  in  oil  a 
bright  color.     The  floor  is  formed  of  a  bed  of  concrete. 

There  are  no  ceilings.  The  roof  is  composed  of  a  double  layer  of  boards, 
painted  in  oil  inside  and  covered  outside  with  millboard  saturated  with 
asphalt. 

A  skylight  runs  along  the  middle  of  the  roof  with  lateral  apertures, 
which  may  be  opened  and  shut  from  within. 

A  vestibule  at  one  end,  traversed  by  the  entrance  corridors,  comprises  on 
its  right  side  servants'  rooms  and  the  dispensary,  and  on  the  left,  the  bath- 
room, linen-room  and  water-closets.     All  these  rooms  have  boarded  floors. 

The  heating  is  effected  by  means  of  steam-pipes  connected  with  a  boiler, 
which  also  serves  for  the  kitchen  and  laundry.  A  large  steam-pipe  runs  in 
a  subterranean  trench  in  front  of  the  pavilions,  sending  a  branch  to  each, 
which  is  subdivided  into  several  pipes  for  warming  the  rooms  and  heating 
water  for  the  bath-room.  Three  steam-pipes,  two  to  the  north  and  one  to 
the  south,  run  above  the  floor  at  a  height  of  0.80  meters ;  they  are  provided 
with  taps  for  the  regulation  of  the  temperature.  The  condensed  water 
returns  to  the  boiler  by  a  pipe. 

Ventilation  is  very  simply  managed.  Fresh  air  is  introduced  by  means 
of  fourteen  openings,  each  eighteen  centimeters  wide,  made  in  the  walls  of 
each  ward  at  the  same  height  as  the  steam-pipes,  which  warm  the  air  as  it 
enters.     The  impure  air  escapes  by  the  lateral  apertures  above. 

The  rooms,  etc.,  are  lighted  with  gas;  the  lamps  are  hang  below  the 
skylight,  and  assist  in  the  ventilation. 

The  pavilion  for  special  isolation  attached  to  the  hotpttal  is  similarly 
constructed  and  measures  15.67  meters  in  length  by  8  meters  in  widlh,  sod 
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3.64  meters  in  height.  It  contains  three  rooms  separated  from  one  another, 
each  having  three  beds.  A  covered  veranda,  2.30  meters  in  height,  runs 
along  the  front.     Large  doors  at  each  end  set  up  a  current  of  fresh  air. 

Eleven  casements  are  placed  in  front  of  the  veranda  near  the  roof, 
which  are  removed  during  the  summer. 

A  water-closet  is  provided  for  each  room,  placed  in  a  vestibule,  and 
abutting  on  an  outside  wall,  being  perfectly  ventilated  and  separated  from 
the  ward  by  an  ante-chamber. 

Each  of  the  wards  has  a  roof  of  a  pyramidal  form,  at  the  top  of  which  is 
a  ventilating-pipe  surmounted  with  a  Wolpert  aspirator.  The  floors  are 
made  of  brick  covered  with  Metlach  mosaic. 

Heating  is  effected  by  steam  introduced  into  hot-air  stoves,  placed  in  the~ 
middle  of  the  floor,  and  so  constructed  that  the  heat  can  be  regulated. 
The  stoves  are  surrounded  with  an  iron  jacket. 

Fresh  air  is  supplied  to  the  apparatus  by  a  trench  in  masonry  under  the 
floor,  and  is  warmed  in  passing  between  the  stove  and  the  jacket.  The 
impure  air  escapes  partly  by  the  ventilating  pipe  in  the  roof,  partly  by 
other  pipes  adjoining  a  small  tower  in  the  ceiling  of  the  veranda,  in  which 
are  placed  water-cisterns  for  the  baths. 

The  rooms  may  also  be  heated  by  steam-pipes. 

At  one  end  of  the  veranda  Is  a  small  enclosed  room,  into  which  linen 
for  the  wash  is  thrown  through  a  trap-door ;  it  is  taken  away  by  a  door 
communicating  with  the  open  air. 

There  is  a  place  for  disinfection  in  the  establishment  through  which  the 
linen  is  passed. 

When  no  epidemic  prevails,  part  of  the  hospital  is  given  up  to  ordinary 
patients.  It  is,  however,  considered  preferable  to  nurse  the  latter  in  the 
stadtische  allgemeine  Krankenhaus  Friedricbshain,  which  is  a  splendid 
hospital  built  in  pavilions,  four  of  which  have  one  story  and  six  two  stories. 
There  are  also  two  pavilions  for  isolation  with  two  stories  and  another  of 
one  story  exclusively  reserved  for  diphtheritic  patients. 

In  the  department  for  isolation  each  adult  is  allowed  a  space  of  flfty- 
seven  to  sixty  cubic  meters,  and  each  child  thirty-one  to  forty- two  cubic 
meters. 

The  pavilion  for  diphtheria  is  warmed  by  steam,  but  the  general  method 
is  a  combination  of  heating  by  means  of  hot-water  apparatus  connected 
with  the  ventilation.  Each  ward  has  also  chimneys  open  in  the  summer 
and  autumn. 

In  order  to  assist  ventilation  the  smoke-pipes  pass  through  the  ventilating 
shaft. 

The  removal  of  persons  suffering  from  infectious  diseases  is  entrusted  to 
contractors  charged  with  the  maintenance  of  the  necessary  carriages,  the 
use  of  public  carriages  being  forbidden  to  such  patients  in  virtue  of  an 
official  order  of  the  7th  of  February,  1887. 
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Paris. 

No  satisfactory  system  for  the  treatment  of  persons  sick  with  infectioufl 
•diseases  in  hospitals  specially  designed  for  this  parpose  has  yet  been 
effected,  but  a  commission  was  appointed  to  investigate  the  subject,  and 
reported  in  June,  1887,  to  the  municipal  council.  Thus  far,  persons  at- 
tacked with  infectious  diseases  have  been  received  into  all  hospitals,  except 
small-pox  patients,  who  were  only  admitted  to  the  hospitals  of  Saint  Louis 
and  Saint  Antoine,  which  had  isolated  buildings  for  their  accommodation. 
In  the  other  hospitals  the  infected  are  also  isolated,  but  experience  has 
proved  that  the  measures  taken  for  that  purpose  have  not  been  effectual, 
and  it  too  often  happens  that  infection  is  propagated  within  these  estab- 
lishments. Statistics  also  show  that  there  has  been  an  increase  in  the 
•deaths  from  infectious  diseases  in  Paris,  while  they  have  sensibly  dimin- 
dshed  in  other  cities  where  isolation  is  better  organized. 

There  is  a  station  at  the  Hotel  Dieu  in  connection  with  the  transport  of 
infectious  cases,  in  which  are  kept  two  horses,  two  carriages  and  a  driver. 
When  any  person  ill  with  a  contagious  disease  requires  to  be  taken  to  tbe 
'hospital,  notice  is  sent  to  the  nearest  police  station,  whence  it  is  transmitted 
to  the  Prefecture,  who  then  sends  orders  to  the  Hotel  Dieu.  The  disinfec- 
tion of  carriages  is  prescribed  by  the  regulations,  but  this  duty  is  left  to 
the  driver,  without  supervision. 

The  plan  already  mentioned  provides  for  two  ambulance  stations,  one  od 
the  right  bank  of  the  Seine,  near  the  Hospital  of  St.  Antoine,  and  the  other 
on  the  left  bank,  near  the  Hospital  for  Sick  Children.  Each  of  these  sta- 
tions is  to  have  twelve  carriages  for  removal  of  the  sick.  Two  will  be 
reserved  for  small -pox,  two  each  for  measles,  diphtheria,  scarlet  fever  and 
typhoid  fever,  and  the  last  two  will  be  reserved  for  other  diseases— 
whooping-cough,  erysipelas,  etc.  The  carriages  used  for  one  disease  are 
never  to  be  used  for  another.  Each  coach-house  must  be  divided  into  six 
compartments  in  order  to  prevent  mistakes.  The  stable  will  be  arranged 
for  six  horses,  though  it  will  not  be  necessary  to  keep  more  than  two  is 
them  under  ordinary  circumstances. 

A  certain  number  of  nurses  will  be  assigned  to  each  ambalance  to  ac- 
company the  patients.  They  will  live  in  the  adjoining  hospital  and  give 
their  services  in  turn. 

The  staff  of  the  station  will  consist  of  a  chief  officeri  two  coachmen,  one 
of  whom  must  be  married,  and  a  servant,  who  may  be  the  wife  of  the  lat- 
ter. All  these  persons  will  live  on  the  premises,  and  the  staff,  as  well  ss 
the  nurses,  will  be  boarded  there.  The  estimated  cost  of  constractioa  of 
each  station  is  about  $14,000,  and  that  of  each  carriage  abont  |500.  Each 
is  to  be  provided  with  a  seat  for  the  nurse,  near  the  pillow  of  the  palkati 
and  a  drawer  for  clothes  and  linen.  After  each  Journey  tbe  cmrriage  it  ^ 
be  tlioroughly  washed.  The  stations  are  to  be  coniiec^ied  by  ldephoi> 
with  the  Relief  Board  and  the  Prefecture. 
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Hospitals. 

As  a  part  of  this  general  plan,  foar  hospitals  are  to  be  erected  near  the 
gates  at  the  entrance  of  the  city.  Two  will  be  devoted  to  small-pox,  and 
one  each  to  diphtheria  and  to  measles.  The  first  are  designed  for  seventy 
beds  in  each.  The  plan  provides  for  reserving  a  plat  of  ground  near  by, 
80  that  in  case  of  need  supplementary  pavilions  may  be  constructed  with 
accommodations  for  more  than  eighty  more  patients.  This  ground  is  to  be 
levelled,  covered  with  asphalt  and  drained,  so  that  temporary  buildin]^s  can 
be  put  up  in  a  few  days.  If  further  accommodation  is  required,  it  is  pro- 
posed to  build  a  hospital  for  convalescents  at  Creteil,  southwest  of  Paris, 
on  ground  belonging  to  the  Relief  Board. 

A  hospital  for  diphtheria  also  forms  a  part  of  the  plan,  to  be  erected 
near  Bic^tre,  at  the  south  end  of  the  city. 

The  following  figures  show  the  special  need  for  arresting  the  progress  of 
diphtheria  and  measles  in  Paris : ' — 

Mean  Dealh-rcUefrom  Diphtheria  per  10,000  Inhabitants,  Paris. 

From  1866  to  1869, 4.82 

-      1870  to  1874, 4.72 

1876  to  1879, 8.88 

1880  to  1884, 9.26 

1886  to  1887, 7.68 
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Mean  Deaik-raU  from  Measles  per  10,000  Inhabitants,  Paris, 

From  1865  to  1869, 3.18 

1870  to  1874, 8.35 

1875  to  1879, 3.72 

1880  to  1884, 4.90 

••      1886  to  1889, 5.71 

Scarlet  fever  does  not  appear  to  have  found  a  congenial  soil  in  Paris, 
the  average  mortality  per  10,000  from  this  cause  being  but  0.9  as  compared 
with  1.7  in  London,  1.2  in  Edinburgh  and  8.2  in  Berlin.  Measures  for  its 
restriction  there  do  not  therefore  appear  to  be  so  imperative  as  in  the  case 
of  the  infectious  diseases  already  named. 

With  the  view  of  diminishing  the  spread  of  whooping-cough  it  has  also 
been  proposed  to  found  a  great  isolating  establishment,  including  a  school 
and  a  hospital. 

The  public  disinfecting  stations  form  a  part  of  the  general  plan  for  the 
prevention  of  the  spread  of  infectious  diseases.  Those  of  Paris  and  Berlin 
are  most  thoroughly  equipped,  and  managed  in  the  most  effective  and  sys- 
tematic manner.  Their  description,  however,  does  not  come  within  the 
floope  of  the  present  paper. 
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Later  information  upon  the  subject  of  isolation  of  contagious  diseases  \n 
Paris  may  be  found  in  a  paper  contributed  to  the  International  Congress  of 
Charities,  Correction  and  Philanthropy  at  Chicago  in  June,  1893,  by  Drs. 
Herbert  and  Hogg  of  Paris.* 

The  following  summary  is  presented  in  that  paper  of  the  facilities  which 
are  afiforded  in  Paris  for  the  isolation  and  treatment  of  hospital  patieots 
suffering  with  contagious  diseases.  The  hospitals  providing  such  facilities 
are  six  in  number :  — 

The  AuherviUiera  Hospital  possesses  separate  buildings  for  small-pox, 
measles,  scarlet  fever,  erysipelas,  diphtheria  and  doubtful  cases ;  in  all, 
184  beds. 

The  Hospital  Trousseau.  Isolation  wards  are  established  for  children 
with  diphtheria,  measles  and  scarlet  fever  (181  beds). 

Hospital  ^^des  Enfants  Malades"  (Enfants  Jdsus),  which  is  a  hospital 
for  children,  receives  diphtheria  and  scarlet  fever  patients  (52  beds) . 

In  addition  to  these  the  following  hospitals  are  provided  with  isolation 
rooms :  lAiriboisiere^  7  beds ;  La  Pitie^  5  beds ;  Xa  CharitCy  3  beds. 

All  of  these  taken  together  furnish  a  total  of  332  beds. 

Sweden. 

In  Sweden,  local  public  health  administration  is  in  charge  of  a  Commis- 
sion of  Hygiene,  in  the  towns  (Helsovardsnamnd)  ;  and  in  rural  districts 
the  Communal  Council  is  entrusted  with  sanitary  functions.  These  have 
been  organized  by  laws  of  1874  and  1885. 

During  the  prevalence  of  an  epidemic  of  infectious  disease  the  Commis- 
sion must  attend  to  the  following  regulations  :  — 

1.  The  immediate  removal  of  the  patient  to  a  special  hospital,  a  place 
isolated  for  the  purpose,  unless  the  transport  should  endanger  the  life  of 
the  patient.  He  may  remain  in  his  own  dwelling  if  he  can  be  nursed 
according  to  the  regulations  prescribed  by  the  Commission. 

2.  The  immediate  disinfection  of  the  house,  clothing,  bedding,  etc.,  of 
the  patients  who  have  died,  recovered  or  been  sent  to  the  hospital. 

8.  Patients  are  not  to  be  removed  in  public  carriages ;  stretchers,  sedao 
chairs,  etc.,  are  disinfected  after  use. 

4.  Clothing  of  the  patients,  and  anything  belonging  to  the  hospital 
which  has  been  lent  or  sold,  are  to  be  disinfected. 

Persons  suffering  with  epidemic  or  infectious  diseases  cannot  refuse  to 
be  removed  to  the  special  hospital  unless  life  would  be  endangered,  or  they 
can  be  nursed  in  a  place  properly  isolated,  at  their  own  expense. 

When  two  infectious  diseases  prevail  at  the  same  time,  two  special  hot* 
pitals  should  be  established,  or,  at  least,  a  properly  isolated  portioii  most  te 
set  apart  for  the  treatment  of  one  class  of  patients. 

•  Hoipitalt,  Dispensaries  and  Nursing.  Papers,  DisciitafaNis,  cle.»  at  OoBfiMi  of  OttrittBii 
Correction  and  FUilanUirop7,  June,  1893.    New  York,  1894. 
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Stockholm, 

Population  about  225,000.  In  Stockholm  the  plan  presented  in  1884,  by 
Dr.  Linroth,  Chief  Medical  Officer,  for  the  purpose  of  organizing  the  treat- 
ment of  infectious  diseases  in  the  city  includes  — 

1 .  A  hospital  placed  at  one  end  of  the  city,  organized  in  a  pavilion  sys- 
tem, and  comprising  — 

A  building  for  small-pox,  with 20  beds. 

A  building  for  typhus  fever,  with 20     •* 

A  building  for  scarlet  fever,  ^vith 35     ** 

A  building  for  diphtheria,  with 28     ** 

A  building  for  measles,  with So     ^'^ 

A  building  with,  at  least,  ten  small  observation  rooms,  each  having  one 

bed. 
A  building  for  the  staff,  containing  also  rooms  for  the  medical  officers  of 

the  establishment. 
Buildings  for  offices,  such  as  kitchen,  laundry,  place  for  disinfection  and 

the  burning  of  straw,  stables,  coach-houses  and  ice-houses. 


A  place  should  be  reserved  on  the  same  ground  for  two  temporary  hos- 
pitals, the  plans  and  drawings  for  which  must  be  quite  ready  so  that  they 
can  be  erected  without  delay  in  case  of  need. 

2.  A  branch  establishment  at  the  other  end  of  the  city,  organized  after' 
the  same  system,  and  comprising  — 

A  building  for  scarlet  fever,  with SO  beds. 

A  building  for  measles,  with 25  beds. 

A  building  for  the  staff,  and  two  rooms  for  special  cases. 
A  building  for  the  offices  of  the  establishment. 

3.  An  establishment  situated  in  the  group  of  islands  on  this  side  of 
Yaxholm,  intended  to  receive  infectious  patients  who  have  arrived  by  sea, 
and  comprising  a  pavilion  with  fifteen  beds ;  a  place  for  disinfection ;  a 
building  for  the  staff  and  officers. 

4.  A  place  for  disinfection  within  the  city  for  the  healthy  members  of 
families  exposed  to  infection,  and  for  suspected  clothing.  The  number  of 
beds  available  should  be  one  hundred  and  forty-eight  in  the  large  hospital, 
fifty-seven  in  the  branch  establishment  and  fifteen  in  the  island  hospital, 
in  all  two  hundred  and  twenty  beds. 

Dr.  Linroth  is  of  opinion  that  typhoid  fever  may  safely  be  treated  in  the 
other  hospitals  of  the  city  as  in  previous  years. 

The  construction  of  a  new  isolation  hospital  on  the  above  plan  was  only 
began  in  1890.  The  hospital  comprises  five  pavilions,  comprising  alto- 
gether one  hnndred  and  sixty-two  beds,  a  building  with  eight  observation 
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rooms,  a  building  for  tlie  administration  and  for  the  doctor,  one  for  cooking, 
a  laundry,  mortuary,  etc. 

Before  this  time  the  old  hospitals  were  utilized,  temporary  baildingB 
being  erected  for  special  requirements. 

These  are  constructed  of  double  boards.  The  interstices  of  the  walls, 
floor  and  ceiling  are  filled  up  with  charcoal. 

A  barrack  on  this  model  was  erected  in  ten  days  in  the  park  of  Bellevae 
near  Brunsviken,  when  an  epidemic  of  small-pox  was  threatened.  The 
expense  amounted  to  about  £700. 

A  permanent  erection  has  been  constructed  on  the  groand  of  the 
hospital  Saint  Maria  to  serve  as  a  place  for  isolation.  Its  total  length 
is  32.30  meters  and  the  width  7.50  meters.  Its  height  is  15.50  meters 
between  the  ground  and  the  ridge.  The  front,  which  looks  towards  the 
west,  is  flanked  by  a  fore-court  eight  meters  in  length  by  5.5  meters  io 
width.  The  sides  are  made  of  boards  7.5  centimeters  thick,  wainscoted 
and  lined  with  mill-board  outside  and  inside.  The  roof  is  of  mill-board 
covered  with  asphalt. 

The  building  contains  two  wards,  with  thirteen  beds  in  each.  The  space 
between  the  wards  is  occupied  by  a  room  for  the  nurse,  a  linen-room,  aod 
a  small  kitchen  for  making  drinks.  Behind  the  vestibule  adjoining  the 
wards,  which  can  be  divided  into  paits,  is  a  fore-court  in  which  are 
placed  the  latrines  and  the  bath-room.  The  floors  of  the  wards  are  made 
of  asphalt,  laid  on  a  bed  of  cement,  which  is  placed  on  the  ground,  cov- 
ered with  a  bed  of  broken  stones  and  gravel.  The  other  rooms  have  also 
asphalt  floors,  excepting  the  nurses'  room. 

The  walls  and  ceilings  are  painted  in  oil  throughout  the  building,  in 
order  that  they  may  be  easily  cleaned.  Each  bed  in  the  wards  has  7.20 
square  meters  of  floor  space  and  30  cubic  meters  of  cubic  space.  The 
windows  arc  made  in  the  side  wall  of  the  ward,  and  look  east  and  west, 
there  being  eleven  in  each  ward.  The  windows  are  two  meters  in  height 
by  one  in  breadth,  their  total  surface  being  about  one-foarth  of  the  floor. 
The  establishment  possesses  a  gas  and  water  service.  There  are  two  baths 
made  of  copper  in  the  bath-room.  The  latrines  are  arranged  on  the  system 
of  movable  tanks  used  in  the  city,  but  in  sach  a  way  that  the  arine  flows 
away  separately  by  a  subterranean  pipe.  In  the  closets  there  are  also  cis- 
terns in  zinc  for  the  soiled  linen,  a  current  of  water  oontinooasly  passing 
through  them  from  top  to  bottom,  and  discharging  into  the  sewer.  The 
speed  of  the  current  is  regulated  at  pleasure. 

In  this  way  all  risk  from  the  handling  of  dry  linen  worn  by  the  infectioas 
patients  is  avoided.  The  linen  is  not  taken  from  the  water  and  wmag 
nntil  the  moment  when  it  is  to  be  sent  to  the  wash.  The  cisterns  bare 
lids  locked  with  a  key. 

Heating  and  ventilation  are  effected  by  means  of  s  kind  of  stove  with  tt 
iron  casing  lined  with  flre-proof  bricks.    The  casing  docs  not  ooms  Ugkr 
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than  the  middle  of  the  stove,  and  is  6  centimeters  from  it.  The  total 
height  of  the  apparatus  is  8.60  meters,  the  exterior  diameter,  0.60  meter; 
the  heated  surface,  7  square  meters. 

The  fresh  air,  entering  by  a  pipe  sixty  centimeters  by  thirty,  arrives  at 
the  bottom  of  the  stove  and  is  heated  in  passing  between  the  stove  and  the 
casing.     The  ventilating-pipe  is  provided  with  a  sliding  valve. 

The  stoves  are  arranged  for  slow  combustion,  fed  at  long  intervals  dur- 
ing the  day,  and  kept  locked. 

The  impure  air  escapes  by  pipes  heated  in  the  chimney,  each  discharge 
pipe  having  an  opening  near  the  floor  for  ventilation  in  winter  and  one 
under  the  ceiling  for  summer ;  the  valves  of  these  openings  are  enclosed 
that  they  may  be  out  of  reach  of  the  patients. 

The  upper  sash  of  two  opposite  windows  in  each  ward  is  provided  with 
hinges  below,  so  as  to  open  within,  and  has  an  iron  plate  on  each  side. 

All  the  air-pipes  are  arranged  so  as  to  be  easily  cleaned. 

During  the  summer   more  thorough   ventilation  may  be  secured  by  a 

water  ventilator  on  Trentler  and  Schwartz's  systems,  fixed  in  the  roof, 

above  the  centre  of  the  building.     This  ventilator  is  put  into  communica- 

.tion  with  the  wards  and  the  outer  air  in  such  a  way  that  au*  may  be 

admitted  or  excluded  at  pleasure  by  opening  or  shutting  valves. 

The  cost  of  this  barrack  is  about  £1 ,440. 

The  city  keeps  a  special  carriage  for  the  removal  of  infectious  patients. 
It  is  lined  inside  with  varnished  wood,  which  can  be  easily  cleaned  after 
each  journe}'. 

Denmark. 

Copenhagen. 

The  wards  of  Blegdams  Hospital  are  fitted  up  with  special  care  for  the 
treatment  of  patients  with  infectious  diseases.  There  are  eight  one-storied 
pavilions,  two  for  twelve  patients  each,  six  for  twenty-six  each,  and  a  two- 
storied  pavilion  for  seventy-eight  patients  ;  besides,  there  are  some  movable 
marquees  (felt  tents  of  Docker's  patent),  with  accommodations  for  fifty 
patients.  The  general  arrangement  of  the  hospital  is  shown  in  the 
accompanying  plan.  The  one-storied  pavilions  belong  to  several  systems. 
One  of  these  is  especially  distinguished  by  its  heaUog  and  ventilating  sys- 
tem, planned  by  Mr.  Julius  Thomsen,  Professor'TTf  the  University  and 
President  of  the  Polytechnic  Academy.  In  outline  it  is  in  each  of  two 
entirelv  similar  halves,  as  follows :  fresh  air  is  conducted  from  wells  at  a 
proper  distance  from  the  building  to  an  air  chamber  in  its  cellar,  from  which 
it  is  conducted  under  the  floor  of  the  sick  ward,  into  which  it  ascends  through 
three  openings  in  the  floor.  In  the  cellar  a  fire  is  kept  up  all  the  year 
round ;  during  the  cold  season  the  draught  from  the  furnace  is  conducted  to 
a  chimney  in  the  centre  of  the  building  through  a  calorifere  placed  in  the 
air*chamber;  hereby  the  fresh  air  gets  a  suitable  temperature,  while  the 
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-draught  in  enninier  is  oonducted  direoU;  to  tb«  cbimoey,  wttbont  puBing 
the  calorifere.  The  chimney  will  always  thus  be  able  to  ezbaust  tlie  rltt 
.ated  air  of  the  aick  ward,  wbicb  le  effected  by  means  of  channelB  leading 


Plan  or  Blcgdams  Hospn'Ai.,CoPENiiMicN 
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to  the  chimney  from  openings  in  the  walls  of  the  ward  at  various  heights 
from  the  floor.  The  draught  in  the  fireplace,  in  which  the  consumption  of 
fuel  naturally  varies  according  to  outside  temperature,  can  be  regulated 
with  a  simple  mechanism  from  the  cellar,  as  well  as  from  the  sick  ward,  so 
that  it  goes  partly  through  the  calorifere,  partly  directly  to  the  chimney, 
and  that  an  increase  of  one  passage  corresponds  to  a  diminishing  of  the 
other.  In  the  same  manner  the  exhaust  can  be  regulated ;  its  strength  can 
be  read  from  an  anemometer  in  the  ward,  and  it  may  be  regulated  or  entirely 
stopped,  according  to  circumstances.  The  nurses  are  thus  at  all  times  able 
to  control  the  temperature  and  renewal  of  air.  The  above-mentioned  two- 
storied  sick  ward  of  Blegdams  Hospital  was  just  completed  at  the  expira- 
tion of  1890,  and  represents  a  high-class  modern-hospital  technique.  The 
principles  on  which  the  new  operating  room  in  the  Commune  Hospital, 
above  described,  was  built  are  in  every  essential  also  used  in  this  building. 
Its  baths,  kitchens,  closets  and  other  accessories  are  in  most  perfect  har- 
mony with  the  principles  described  above.  , 
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HEALTH  OF  TOWNS. 


Under  this  title  it  has  been  customary  to  present  a  digest  of  the 
annual  reports  of  the  local  boards  of  health  which  have  been  received 
at  the  oflSce  of  the  State  Board  of  Health. 

Very  few  of  the  smaller  towns  (such  as  have  populations  of  les& 
than  2,000  inhabitants)  publish  separate  reports  of  the  local  boards 
of  health.  The  reports  which  we  receive  are,  therefore,  mainly 
those  of  the  cities  and  large  towns. 

The  most  prominent  topics  which  appear  in  these  reports  are  the 
increased  care  devoted  to  the  subject  of  the  notification  of  infectious 
diseases,  and  their  prevention  by  isolation,  disinfection  and  vaccina- 
tion, the  need  of  sewerage  and  efficient  methods  of  disposal  in  towns 
where  no  systems  are  in  existence,  the  inspection  of  plumbing  and 
registration  of  plumbers,  and  the  disposal  of  the  garbage  and  the 
refuse  of  houses  and  of  streets. 

The  subject  of  the  notification  of  diseases  has  been  considered  at 
an  earlier  place  in  this  volume. 

The  following  table  contains  the  statistics  of  cases  of  diphtheria, 
scarlet  fever,  typhoid  fever  and  measles  reported  to  local  boards  of 
health,  as  compiled  from  the  annual  reports  of  such  boards,  which 
have  been  forwarded  to  the  office  of  the  State  Board,  since  the  close 
of  the  calendar  year  1893.  In  parallel  columns  are  also  presented 
the  deaths  from  the  same  causes,  as  given  in  the  same  reports. 


Certain  Infectious  Diseases  reported  to  Local  Boards  of  Health  in  1893. 
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Certain  It^ecHout  Diaeaaes  reported  to  Local  Board*  of  Seaitk  in  2893 
—  CoDtJDued. 
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Certain  InfeeUout  Diseases  reported  to  Local  Boards  of  Health  in  1893 

—  CoDclnded. 
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From  the  comparison  of  these  figures,  the  relative  fatality  of  each 
disease  during  the  year  in  these  cities  and  towns  may  readily  be 
ascertained.  The  columns  of  deaths  may  be  considered  as  quite 
accarate,  while  the  reported  cases  are  probably  somewhat  less  than 
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tbe  actual  numbers,  in  consequence  of  a  small  percentage  of  neglect 
or  failure  to  report.     The  figures  are  as  follows :  — 

Reported  cases  of  diphtheria  and  croup,          ....  2,919 

Registered  deaths  from  diphtheria  and  croup,  986 

Fatality, SI.7  per  cent 

Reported  cases  of  scarlet  fever, 7,420 

Registered  deaths  from  scarlet  fever 654 

Fatality 8.8  per  cent 

Reported  cases  of  typhoid  fever, 2,457 

Registered  deaths  from  typhoid  fever 492 

Fatality 20.0  per  oeoL 

Reported  cases  of  measles, 6,290 

Kegiatored  deaths  from  measles 98 

Fatality, 1.6  percent. 

The  following  summary  contains  tbe  figures  for  each  of  these 
diseases  for  the  years  1891,  1892  and  1893  :  — 
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The  cities  and  towns  embraced  in  this  list  were  70  in  number,  aod 
comprised  about  three-fi  lurths  of  the  population  of  the  State.  They 
were  nearly  identlciil  with  those  which  furnished  reports  in  1892. 

The  number  of  reported  cases  of  diphtheria  was  eighty  less  thiD 
that  of  1802,  and  the  percentage  of  fatal  cases  was  slightly  larger. 

The  reported  cases  of  scarlet  fever  exceeded  those  of  1892  by 
1,308,  while  the  fatality  was  8.8  per  cent,  or  nearly  double  that  of 
the  preceding  year. 

The  reported  cases  of  typhoid  fever  were  greater  thui  thooa  trf 
1892  by  565,  but  the  fatality  was  less,  being  20  per  oeot.  u  eoof 
pared  with  23.0  in  the  preceding  year. 
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The  reported  cases  of  measles  were  eight  times  as  many  as  those 
of  1892,  but  the  fatality  was  less  than  half  as  great,  being  1.6  per 
cent,  as  compared  with  4.0  in  the  preceding  year. 

The  following  figures  present  the  fatality  from  diphtheria,  scarlet 
fever  and  typhoid  fever  as  reported  by  the  Local  Government  Board 
of  England  for  the  years  1890,  1891  and  1892. 


Diphtheria, 
Scarlet  fever,     , 
Typhoid  fever,  . 


1890. 


25.6 

8.0 

19.9 


1891. 


23.7 

5.8 

20.8 


189S. 


23.6 

4.4 

17.8 


Amesburt. 

There  have  been  many  less  complaints  entered  this  year  than  last,  eighty- 
two  cases  as  against  one  hundred  and  fifty.  Most  of  these  were  promptly 
abated  on  the  attention  of  the  property  owners  being  called  to  the  unsani- 
tary conditions,  therefore  little  expense  was  incurred  to  have  official  notices 
served. 

There  was  some  delay  in  abating  the  odor  from  the  old  soap  factory,  but 
the  exigencies  of  the  business  made  it  almost  unavoidable. 

The  Board  would  again  call  the  earnest  consideration  of  the  voters  of 
the  town  to  the  utility  and  economy  of  sewering  the  town,  as  per  plan  now 
on  file  ;  if  not  the  whole,  at  least  a  part  should  be  done  every  year. 

Scarlet  fever  at  first  showed  itself  in  a  mild  form,  but  has  gradually  as- 
sumed a  more  malignant  type,  with  a  death  rate  of  sixteen  per  cent,  of 
reported  cases.  To  stay  the  spread  of  this  dread  disease,  the  Board  has 
promptly  placarded  every  house  in  which  the  disease  has  been  reported, 
and  given  full  instructions  as  to  the  importance  of  isolation  and  proper 
disinfection.  Some  physicians  and  most  heads  of  families  have  been  dila- 
tory in  reporting  the  cases,  and  some  were  not  reported  at  all.  The  State 
law  requires  such  reports  to  be  made,  and  imposes  heavy  fines  for  neglect. 
The  school  committee  had  the  public  schools  closed  for  some  weeks  to  stay 
the  progress,  but  with  no  perceptible  benefit,  as  two  days  before  re-opening 
them  there  were  seven  new  cases  reported.  The  necessity  of  isolation  in 
this  disease  is  beyond  question,  and  the  all  important  step  to  be  taken,  if 
followed  by  efficient  disinfection. 

Two  cases  of  supposed  glanders  in  horses  have  been  reported  to  the 
Board,  one  case  being  imported.  The  matter  was  immediately  investigated 
by  the  Board  and  a  veterinary  surgeon  from  Boston,  and  the  animal  was 
satisfactorily  disposed  of  at  the  phosphate  factory. 
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Arlington. 

Id  the  absence  of  a  regularly  elected  Board  of  Health,  the  selectmeo, 
under  the  statutes,  constitute  the  Board.  As  our  town  increases  in  popula- 
tion, and  dwellings  are  erected  nearer  together,  the  importance  of  an  alert 
and  competent  Board  of  Health  is  evident.  On  all  our  streets  a  greater  or 
less  portion  of  the  land  is  used  for  cultivation.  This  results  in  the  use  of 
various  forms  of  fertilizers,  which,  while  not  always  dangerous  to  health, 
are  very  objectionable  —  whole  neighborhoods  at  times  being  rendered  un- 
comfortable by  the  unloading  of  the  refuse  from  the  city. 

The  keeping  of  swine  within  the  limits  of  the  town  should  be  restricted 
to  places  remote  from  the  densely  inhabited  portions. 

We  suggest  that  a  separate  Board  of  Health  be  elected  by  the  town, 
selected  from  those  citizens  who  are  especially  familiar  with  sanitary  matters. 

Attleborouoh  . 

In  accordance  with  the  requirements  of  the  Public  Statutes,  the  Board 
of  Health  makes  an  annual  report  to  the  town.  This  report  should  include 
an  account  of  the  duties  performed  by  the  members,  such  suggestions  for 
the  physical  welfare  of  the  town  as  occur  to  them  as  the  results  of  their 
experience,  and  tables  of  vital  statistics  which,  when  compared  with  reports 
of  former  years,  indicate  the  way  the  town  is  growing  and  suggest  oppo^ 
tunities  for  its  sanitary  improvement. 

Less  complaints  were  received  this  year  than  usual.  In  fact,  house* 
holders  are  now  generally  informed  as  to  the  requirements  of  the  Board 
and  gladly  conform  to  them.     No  serious  epidemic  has  occurred. 

Measles  became  so  prevalent  that  the  Board  requested  the  school  com- 
mittee to  exclude  from  the  public  schools  all  pupils  coming  from  homef 
where  there  were  such  cases.  This,  being  an  innovation,  caused  unfavora- 
ble criticism  from  the  public  and  even  from  physicians  in  town,  but  singu- 
larly enough,  by  this  action  the  local  Board  only  anticipated  by  a  few 
months  what  is  now  required  by  the  statutes,  viz.,  that  measles  shall  be 
included  in  the  list  of  diseases  '^  dangerous  to  the  public  health,"  and 
consequently  to  be  especially  guarded  against. 

Ater. 

The  most  notable  occurrence  in  connection  with  the  health  of  the  towOi 
during  the  year,  was  an  epidemic  of  scarlet  fever.  The  lower  grades  of 
the  public  schools  were  closed  for  several  weeks  in  December  with  little 
apparent  effect  in  checking  the  spread  of  the  disease.  The  disease  was 
probably  spread  in  many  instances  by  cases  so  mild  they  were  not  recog- 
nized. 
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Barre. 

It  is  a  notable  fact  relative  to  the  health  of  Barre,  that,  in  a  total  of 
thirty-five  births  and  thirty-six  deaths,  there  were  no  deaths  of  infants,  and 
no  death  was  reported  of  any  person  under  thirty  years  of  age. 

Beverly. 

There  was  free  vaccination  of  1,374  patients,  and  the  issuing  of  certifi- 
cates to  the  same. 

In  view  of  the  fact  that  the  town  has  voted  to  put  in  a  system  of  sewer- 
age, the  Board  would  most  earnestly  recommend  that  the  town  adopt  the 
State  plumbing  law  so  that  in  the  future  the  citizens  will  receive  the  full 
benefit  of  the  sewer. 

They  would  also  call  attention  to  the  daily  increasing  demand  for  the 
adoption  of  some  system  for  the  collection  of  garbage,  swill  and  ashes. 
At  the  present  time  the  greater  part  of  the  swill  is  mixed  with  ashes  and 
then  dumped  on  some  of  the  various  dumps  in  and  about  the  town,  thus 
creating  a  very  undesirable  state  of  affairs  in  such  locations. 

Boston. 

The  total  number  of  deaths  during  the  year  was  11,710,  an  increase  of 
474  over  the  preceding  year.  The  death-rate  per  1 ,000  inhabitants  for  the 
year  is  found  to  be  24.02.  The  prevalence  of  pneumonia  dunng  the  year 
assumed  a  character  unequalled  in  the  registration  of  vital  statistics  in  this 
city.  In  1851  its  percentage  to  the  total  mortality  was  7.75;  in  1893  it 
was  13.15  per  cent.,  or  a  total  of  1,540  deaths  from  this  cause  alone.  It 
is  gratifying,  however,  to  be  able  to  state  that  the  percentage  of  the  total 
mortality  from  zymotic  causes  is  less  by  .49  per  cent,  than  for  the  year 
1892,  or  17.43  per  cent,  of  the  total  number  of  deaths.  The  deaths  from 
diphtheria  increased  62,  while  the  deaths  from  scarlatina  decreased  14,  as 
compared  with  the  preceding  year. 

Infectious  Diseases, 

Small'pox,  —  On  Oct.  30,  1893,  after  an  interval  of  fourteen  months,  a 
case  of  small-pox  occurred  in  Ward  6.  The  patient,  a  boy  eleven  3'ears  old, 
who  arrived  in  Boston,  October  15,  on  the  "  Catalonia,"  must  have  con- 
tracted the  disease  on  that  steamer.  On  November  6  a  second  case  occurred. 
The  case  was  found  in  Ward  22,  and  was  directly  traceable  to  the  "  Cata- 
lonia." This  patient  was  removed  to  the  hospital,  and  as  he  was  unvacci- 
nated  he  had  a  severe  attack  of  the  disease.  This  case  gave  rise  to  two  others 
occurring  in  this  man's  family.  As  the  two  last  patients  had  been  vaccinated 
they  were  not  very  ill,  and  remained  at  the  hospital  only  a  short  time.  On 
November  13,  in  Ward  13,  three  cases  occurred  in  one  family,  which  were 
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directly  traced  to  a  mild  attack  of  the  disease  which  must  have  been  con- 
tracted on  the  *'  Catalonia."    These  three  patients,  together  with  the  per- 
son who  arrived  on  the  "  Catalonia,"  were  removed  to  the  hospital,  where 
they  all  recovered.     The  unvaccinated  were  quite  ill ;  the  vaccinated  were 
not  seriously  ill.     On  November  18  a  case  occurred  in   Ward   14.     The 
patient,  a  little  girl  about  three  years  old,  contracted  the  disease  from  a 
mild  case  in  a  person  who  arrived  in  Boston  on  the  "  Catalonia."    On 
December  7,  8  and  9  eight  cases  occurred  in  Ward  19,  which  were  con- 
tracted from  an  unrecognized  and  mild  attack  of  the  disease.     A  case  oc- 
curred on  December  8,  in  Ward  18,  the  origin  of  which  could  not  be  traced. 
From  Dec.  10,  1893,  to  Jan.  5,  1894,  eleven  cases  occurred  which  could  be 
directly  traced  to  the  mild  case  in  the  family  living  in  Ward  19,  which 
has  been  previously  mentioned.    On  December  13  a  case  occurred  in  Ward 
14,  which  could  be  directly  traced  to  a  previous  case. 

From  Oct.  30,  1893,  to  Jan.  31,  1894,  there  were  in  all  thirty-six 
cases.  The  percentage  of  deaths  among  the  unvaccinated  has  been  29.62. 
No  vaccinated  person  has  died,  and  no  vaccinated  person  has  been  seriouslj 
ill.  A  mother  nursed  her  infant,  who  had  the  disease,  during  the  whole 
course  of  the  attack,  but  as  the  mother  had  two  perfectly  characteristic 
scars  she  did  not  contract  the  disease.  Two  vaccinated  children,  relatives 
of  a  patient,  were  constantly  exposed  from  three  to  four  weeks  to  the  dis- 
ease and  did  not  become  ill. 

Vaccination,  —  The  number  of  cases  of  small-pox  having  increased  in 
November,  it  was  thought  best  to  offer  free  vaccination  in  those  sections 
of  the  city  where  cases  of  this  disease  were  most  frequently  found,  and 
there  were  in  round  numbers  100,000  vaccinated. 

Early  in  November,  while  vaccinating  among  school  children  in  South 
Boston,  the  Board  personally  discovered  the  fact  that  many  children  were 
attending  the  public  schools  without  ever  having  been  vaccinated,  and  these 
facts  were  subsequently  communicated  to  the  School  Committee,  under  date 
of  Nov.  28,  1893.  Fifty-nine  thousand  four  hundred  and  eighty-eight 
pupils  have  been  examined;  there  have  been  4,120  primary  vaccinations; 
10,152  re-vaccinations  ;  and  the  number  of  pupils  refusing  vaccination  and 
presenting  insuHicieut  evidence  of  having  been  vaccinated  is  1,678. 

Diphtheria.  — The  Board  of  Health  has  repeatedly  asked  for  an  appropri- 
ation with  which  to  increase  its  care  for  the  uncontrolled  cases  of  diphtheria 
and  scarlet  fever,  and  it  has  as  often  been  refused.  The  Board  would  like 
to  have  all  cases  seen  by  its  own  physicians  or  agents,  held  under  proper  sll^ 
veillance  while  at  home,  and  released  from  isolation  only  on  the  certificates 
from  the  same  physicians  or  agents.  We  would  like  to  aid  in  having  all 
doubtful  cases  of  sore  throat  decided  by  expert  bacteriological  examioa- 
tions,  and  have  all  cases  of  diphtheria  discharged  from  iaolation  by  meaoi 
of  the  same  tests,  or  after  a  prolonged  isolation  when  all  local  and  general 
symptoms  of  the  disease  have  disappeared.    To  do  this  the  depaituNit 
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must  have  more  medical  agents,  and  have  its  present  medical  officers  re- 
lieved from  duties  now  performed  for  other  departments  of  the  city. 

We  have  long  since  been  satisfied  that  the  welfare  of  the  schools  and  the 
community  at  large  demands  better  protection  against  the  spread  of  conta- 
gions diseases,  and  that  through  additional  medical  agency  alone  can  we 
hope  to  give  such  protection. 

For  this  purpose  the  Board  of  Health  recommended  to  the  School  Com- 
mittee the  adoption  of  the  following  regulations  in  response  to  a  request 
from  the  School  Committee  :  — 

First:  That  no  pupil  be  admitted  to  any  public  schools  without  a  certifi- 
cate from that  such  pupil  bears  the  physical  evidence  of 

having  had  a  disease  known  as  vaccinia. 

Second  :  For  the  return  of  any  pupil  to  school  after  suffering  from  small- 
pox, scarlet  fever,  diphtheria,  measles,  or  whooping-cough,  a  certificate 

should  be  required  from that  the  pupil  has  lost  all  power  to 

communicate  to  others  the  disease  from  which  he  has  been  suffering,  and 
that  all  infected  articles  of  his  household  have  been  disinfected  to  the  sat- 
isfaction of  the  Board  of  Health.  For  the  continuance  of  any  pupil  in 
school  in  whose  family  or  in  whose  proximity  there  is  a  case  of  small- 
pox, scarlet  fever,  diphtheria,  or  measles,  or  any  undestroyed  infection  or 
contagion  from  said  diseases,  there  should  be  required  a  certificate  from 

setting  forth  the  fact  that  the  patient  is  safely  removed  from 

the  danger  of  contracting  and  of  conveying  the  disease. 

When  a  child  is  known  to  have  been  exposed  to  the  infection  of  small- 
pox, scarlet  fever,  diphtheria,  or  measles,  it  should  return  to  school  only  on 

certificate  of that  the  period  of  incubation  belonging  to  the 

disease  to  which  he  has  been  exposed  has  passed. 

Houses  Vacated. 

During  the  year  one  hundred  and  eighteen  houses  have  been  ordered 
yacated  for  various  causes,  the  chief  complaints  being  general  unsanitary 
conditions  and  want  of  repair.  These  houses  were  for  the  most  part  tene- 
ment-houses located  in  different  sections  of  the  city. 

Tenement  and  Lodging  House  Inspection. 

During  the  night  visits  of  the  inspectors  the  present  winter,  many  cases 
of  overcrowding  were  discovered  in  tenement-houses  in  the  poorer  sections 
of  the  city. 

This  the  Board  has  been  obliged  to  remedy  by  ordering  the  removal  of 

all  the  occupants  of  such  tenements,  as  it  is  obviously  impossible  for  the 

Board  to  determine  which  ones  should  be  allowed  to  remain,  and  which 

•compelled  to  go.     This  difficulty,  however,  was  in  many  cases  solved  by 

the  occupants  themselves,  and  as  soon  as  the  number  of  occupants  became 

fredaced  to  a  satisfactory  limit  the  Board  rescinded  its  order  to  vacate  the 


750  STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 

premises  if  other  sanitary  reqaireraeots  were  complied  with ;  in  a  few  in- 
stances, however,  the  premises  had  to  be  entirely  vacated  before  a  satis- 
factory condition  was  reached. 

The  cheap  lodging-houses  have  been  frequently  visited,  and   in  most 
cases  all  requirements  of  the  Board  were  complied  with. 

House  to  House  Inspection, 

Whole  Dumher  examined, 382 

Bad  odors  found  in, 8S 

Defective  drains  found  in, 122 

Defective  trapping  found  in, 107 

Privy-vaults  found, 3 

Offensive  vaults  found, 3 

Damp  or  unclean  yards, 8 

Damp  or  unclean  cellars, 14 

Using  furnaces, 190 

Furnaces  without  proper  air-supply, 18 

Using  steam-heat  or  hot  water, 28 

Water-closets  found  in, 377 

Offensive  water-closets  found  in, 18 

Ventilation  to  soil-pipe  or  drain  found  in, 250 

•     Offensive  cesspools  found, 13 

Percentage  of  defective  drains, 31.94 

Percentage  of  defective  trapping, 28.01 

Percentage  of  unventilated  drains, 34.55 

Pollution  oj  Charles  River. 

In  the  fall  of  1892  a  complete  inspection  and  report  were  made  hy  a 
corps  of  inspectors  from  this  office  of  all  the  drainage  which  was  a  scarce 
of  pollution  to  the  Charles  Kiver.  This  report  includes  all  that  part  of  the 
river  located  in  Ward  25,  and  embraces  not  only  the  public  sewers  bat 
also  all  private  drains,  the  discharges  from  which,  either  directly  or  indi- 
rectly, eventually  find  their  way  into  the  river.  At  the  time  of  inspection, 
in  1892,  there  were  232  private  drains  reported  as  discharging  directly  or 
indirectly  into  the  river. 

Public  Baths. 

The  following  table  shows  the  number  of  bathers  at  the  public  baths  :^ 


Total  men  and  boys,     . 
Total  women  and  girls. 

Total  of  both  sexes. 


908389 
916,947 


825«6U 
181,364 


1,185386 


ijm,m 
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Disinfection. 
The  following  tables  show  the  work  of  disinf ection  during  the  year :  — 


Diphtheria,  . 

Scarlet  fever, 

Typhoid  fever, 

Measles, 

Small-pox,  . 

Infected  clothing  and  bedding. 


1,307 

2,235 

3 

17 

20 

79 


Infected  books,    . 
Infected  carriages. 
Cancer, 
Miscellaneous,     . 


33 

28 

2 

2 


Total, 3,716 

Number  of  rooms,  6,429. 


Streets, 

Places, 

Courts, 

Alleys, 

Yards, 

Vaults, 


429 
743 
564 

3,803 
17,415 

4,413 


Cellars, 10,656 

Cesspools, 18,723 

Gutters, 11,004 


Water-closets, 
Passageways, 
Urinals, 
Vacant  lots. 
Filthy  sheds. 
Filthy  rooms, 
Sinks, 


9,522 
5,510 
389 
525 
7,509 
2,965 
9,739 


Total, 103,909 


Material  used :  bichloride  of  mercury,  1,550  pounds ;  chloride  of  lime,  54  casks ; 
sulphur,  31 ,671^  pounds ;  copperas,  22  barrels ;  and  7  barrels  of  other  disinfecting 
powder. 

Nuisances, 

The  total  number  of  nuisances  abated  during  the  year  is  8,447. 
In  addition  to  the  foregoing  there  have  been  930  complaints  investigated 
where  action  by  the  Board  was  found  to  be  unnecessary. 

Report  oj  Physician  to  the  Board  of  Health, 

There  have  been  4,332  persons  vaccinated,  and  certificates  of  vaccina- 
tion have  been  given  to  3,416  children  for  their  admission  to  the  public 
schools. 

At  the  request  of  the  Civil  Service  Commission  three  hundred  and  eighty- 
eight  men  have  been  examined  for  appointment  in  the  Police  and  in  the 
Fire  Departments. 

The  bodies  of  six  hundred  and  nineteen  persons  dying  without  a  physi- 
cian in  attendance  have  been  examined.  These  cases  comprise  principally 
those  who  die  from  chronic  diseases,  where  there  has  been  no  medical  care 
for  months  previous  to  death,  and  those  who  die  suddenly  from  natural 
eaoses.  In  these  a  careful  external  examination  is  made,  the  symptoms 
learned,  and  a  diagnosis,  sufficiently  accurate  for  all  practical  purposes, 
reached. 
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Ninetj-six  cases  of  eruptive  disease  reported  as  small-pox  have  been 
examined.  Of  these,  twenty-six  were  found  to  be  small-pox,  and  the 
patients  —  five  men,  thirteen  women  and  eight  children  —  were  removed 
to  the  small-pox  hospital  on  Canterbury  street,  where  twenty-two  recovered. 
The  manifest  importance  of  a  bacteriological  investigation  as  a  means  of 
diagnosis  in  doubtful  cases  of  diphtheria  is  becoming  more  and  more  evi- 
dent, and  of  no  less  importance,  as  far  as  the  well-being  of  the  community 
is  concerned,  is  the  bacteriological  investigation  of  cases  after  apparent 
recovery  from  diphtheria.  In  an  endeavor  to  diminish  the  prevalence  of 
this  disease,  the  two  most  important  factors  are :  first,  the  recognition  of 
mild  and  doubtful  cases ;  second,  the  actual  disappearance  of  the  specific 
germs  of  the  disease,  which  can  only  be  recognized  by  means  of  a  bacteri- 
ological investigation. 

Report  of  Port  Physician. 

During  the  entire  year  all  vessels  arriving  from  the  following  ports  were 
stopped  at  this  quarantine  for  inspection :  from  all  ports  in  Europe  ;  from 
the  Western,  Madeira,  Canary,  or  Cape  Verde  islands ;  from  the  Mediter- 
ranean sea  or  straits  thereof ;  from  the  west  coast  of  Africa  or  around  the 
Cape  of  Good  Hope,  and  from  Central  and  South  America. 

From  the  first  of  June,  vessels  from  the  West  India,  Bahama,  or  Bermada 
islands,  and  Mexico  were  stopped  for  inspection. 

From  the  first  of  June  to  the  first  of  November,  all  vessels  arriving  from 
any  port  in  the  United  States  south  of  Virginia  were  inspected  at  this  quar- 
antine. 

Eight  hundred  and  sixty-one  vessels  were  boarded  during  the  year. 

Number  of  vessels  disinfected,  eight ;  one  of  which  was  a  schooner  and 
the  remainder  were  steamers. 

Number  of  persons  removed  from  vessels  for  sickness,  seventeen. 

Number  of  persons  vaccinated,  2,855. 

The  new  bath-house  and  disinfecting  cylinder  were  used  for  the  fint 
time  April  1,  and  they  both  worked  satisfactorily. 

Report  of  Inspector  at  Abattoir, 

AnimcUs  Killed. 
Cattle, 34^21 

Calves, 6,640 

Sheep, 68,029 

Total 104/)90 
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AnimcUs  Condemned. 


Knmber. 


Weight 


Cows,  . 
Steers,  . 
Bulls,  . 
Calves,  . 
Sheep,  . 
Parts  of  animals, 

Total,     . 


Poondi. 

12,437 

3,140 

1,700 

270 

180 

9/iOO 


20,177 


Tuberculosis. 

Fifty  cases  of  tuberculosis  were  detected  among  adult  cattle. 
The  following  table  shows  the  percentage  of  tuberculosis  among  cattle 
killed  with  the  intention  of  being  used  for  food :  — 


Class  or  Awim als. 

Kumbsr 
Keoelved. 

Tnberculosis. 

Percentage. 

Whole  number  of  all  kinds,     .... 

34,521 

50 

0.14 

Cows  from  eastern  states,         .... 

2,014 

44 

2.18 

Cows  from  western  states,        .... 

— 

3 

- 

Cows  known  to  be  from  Massachusetts,  . 

1,350 

39 

2.88 

Steers  from  western  states,       .... 

— 

— 

- 

Oxen  from  eastern  states,         .... 

- 

2 

- 

Bulls 

- 

1 

- 

Inspection  of  Cattle. 

The  work  of  inspection  of  cows,  as  provided  for  by  the  Board  of  Health, 
and  subsequently  macle  compulsory  upon  cattle  in  general  by  an  act  of  the 
legislature,  has  been  continued  during  the  past  year.  There  are  within  the 
city  limits  about  2,400  cattle,  distributed  in  about  690  barns  ;  all  of  these 
have  been  visited  and  the  cattle  in  each,  whether  new  or  old,  have  been 
examined.  Of  the  above-mentioned  animals,  seven  have  been  pronounced 
suspicious,  and  the  State  Board  of  Cattle  Commissioners  notified  that  the 
same  had  been  isolated.  In  making  the  above  examinations,  cattle  have 
been  found  existing  in  all  conditions  and  places.  There  are  within  the 
city  limitB  people  keeping  a  few  cows,  from  two  upward,  who  have  not  the 
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slightest  idea  of  cleanliness,  and  practise  little  or  none  in  the  production  of 
milk.  Unfortunately  a  great  many  of  such  people  are  dependent  on  the 
sale  of  milk  for  a  livelihood. 

Bradford. 

One  case  of  tuberculosis  has  been  reported,  which  was  at  once  sent  to 
the  Cattle  Commissioners,  and  the  cow  isolated  as  required  by  them  and 
was,  after  examination  by  them,  ordered  to  be  killed. 

The  following  regulation  was  drawn  up  and  accepted  by  the  Board  and 
posted  by  them  in  accordance  with  the  Public  Statutes. 

Regulation  40 :  No  person  shall  keep  swine  or  goats  within  the  compact 
part  of  the  town  without  a  license  from  the  Board  of  Health ;  and  no  swioe 
shall  be  kept  within  three  rods  of  any  dwelling  elsewhere. 

There  have  been  seventy  houses  where  new  plumbing  has  been  done,  and 
the  inspector  has  thoroughly  examined  and  accepted  the  same. 

It  is  our  advice  that  the  town  employ  responsible  parties,  who  shall,  at 
stated  inter^'als,  collect  the  ashes  and  take  charge  of  the  dumping  places, 
and  that  a  contract  be  made  with  some  responsible  party  to  collect  the  swill 
and  garbage  as  often  as  twice  a  week. 

Braintrek. 

By  provision  of  law  in  towns  not  having  a  Board  of  Health,  the  select- 
men act  as  such,  having  all  the  authority  bestowed  upon  such  Board.  Afl 
the  town  is  becoming  more  densely  populated,  stricter  attention  should  be 
paid  to  the  sanitary  conditions. 

We  believe  that  the  carrying  of  curtains  or  canopies  from  house  to  house 
as  is  sometimes  the  custom  of  funeral  undertakers  is  a  frequent  source  of 
contagion,  and  the  practice  should  be  discountenanced. 

Brockton. 

The  following  is  a  list  of  the  principal  complaints  and  nuisances  investi- 
gated during  the  year  :  — 

Defective  cess-pools, 102 

Defective  vaults, 65 

Filthy  yards, 115 

Houses  placarded, 126 

The  number  of  loads  of  cess-pool  matter  removed  by  the  excavator 
wagons  the  past  year  was  12,210;  the  number  of  loads  of  night-fioil  re- 
moved was  3,099  ;  the  number  of  loads  of  ashes  removed  was  5,444. 

The  Sewerage  Commissioners  have  completed  the  part  of  the  work  Ui^ 
out  for  the  year  1893,  and,  if  as  successful  in  carrying  cot  their  phns  t(f 
sewering  the  streets,  will  be  able  to  take  care  of  the  sewage  of  the  buaiiici* 
part  of  the  city  the  coming  year. 
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A  requisition  was  made  upon  the  Civil  Service  Board  of  Examiners  for 
a  list  of  plumbers  qualified  for  the  position  of  inspector  of  plumbing. 
The  names  of  three  persons  qualified  to  fill  the  position  were  certified  to  this 
Board,  and  one  was  selected  and  appointed  by  the  Board  as  inspector  of 
plumbing. 

Brooexine. 

The  number  of  deaths  reported  from  tuberculosis  during  the  year  (thirty, 
or  over  12.5  per  cent,  of  all  the  deaths,  occurring  principally  as  consump- 
tion) ,  shows  the  need  on  the  part  of  the  public  of  a  clearer  understanding 
of  the  preventable  nature  of  this  too  common  disease.  It  may  not  be  out 
of  place  to  emphasize  the  fact  that  pulmonary  tuberculosis  (consumption) 
is  absolutely  proven  to  be  a  communicable  disease,  and  quite  easily  com- 
municated when  the  person  exposed  to  it  has  his  vitality  depressed  by  such 
influences  as  foul  air,  indoor  occupation,  food  poor  in  quality  or  insufiScient 
in  quality,  bad  ventilation,  certain  climatic  conditions  and  especially  fatigue 
from  nursing  a  consumptive. 

In  April,  the  following  order  was  passed  :  — 

Ordered^  That  in  case  of  death,  when  the  deceased  has  not  been  attended  by  a 
physician,  the  certificate  of  death  shall  be  issued  by  the  Medical  Examiner. 

The  public  swimming-bath  on  Boylston  street  was  open  as  usual  during 
June,  July,  August  and  September.  Early  in  the  season  the  portion  of  the 
brook  above  the  bath-house  was  inspected  and  cleaned  out,  and  measures 
were  taken  to  prevent  pollution  of  the  stream.  Some  necessary  repairs 
were  made  on  the  bath-house  to  enable  it  to  be  used  a  little  longer.  Supt. 
Dillon  reports  that  during  the  season  9,790  baths  were  taken,  an  increase 
of  2,101  over  the  previous  year.  Neither  accidents  nor  illness  have  been 
reported,  and  many  boys  have  learned  to  swim. 

The  importance,  as  a  health  measure,  of  frequent  bathing  in  hot  weather, 
and  the  great  value  of  a  public  swimming-bath,  both  as  a  means  of  physi- 
cal culture  and  of  acquiring  an  art  the  possession  of  which  saves  many 
lives,  can  hardly  be  overestimated.  The  recommendation  made  last  year 
by  the  committee  on  the  bath-house  is  renewed,  namely,  that  a  more  com- 
modious swimming-bath  be  constructed. 

The  occasional  need  of  a  suitable  building,  owned  by  the  town,  for  per- 
sons taken  ill  with  diphtheria,  scarlet  fever  or  other  dangerous  contagious 
diseases  (except  small-pox)  and  having  no  home  here,  has  received  careful 
attention  and  it  was 

VoUd^  That  in  the  opinion  of  the  Board,  it  is  necessary  to  erect  a  separate  build- 
ing upon  land  owned  by  the  town,  adjacent  to  the  almshouse,  for  the  care  and 
treatment  of  patients  with  contagious  diseases. 
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The  emergenoy  hospital  for  cases  of  small-poz,  built  by  the  Board  in 
1885,  and  fortunately  never  needed  until  1898,  was  put  in  condition  for 
patients,  and,  most  important  of  all,  ample  facilities  were  provided  for 
free  vaccination. 

Of  the  nine  hundred  and  seventy-five  persons  who  received  free  vaccina- 
tion between  December  1  and  January  31,  a  very  large  proportion  were 
natives  of  the  British  Provinces  and  never  previously  vaccinated.  A  num- 
ber of  alleged  cases  of  small-pox,  and  of  persons  reliably  reported  as  re- 
cently exposed  to  that  disease,  were  promptly  but  quietly  investigated  by 
the  Board,  and  all  necessary  precautions  were  taken  in  each  case. 

Cambridge. 
Complaints  and  nuisances  investigated  during  the  year :  — 

Full,  overflowing  and  offensive  privy  vaults,        ....  783 

Offensive  and  defective  water-closets, 28 

Defective  drainage,  open  and  broken  drains,-  etc.,         ...  61 

Filthy  yards, 118 

Number  of  inspections  made, 6,368 

Number  of  subsequent  inspections, 4,020 

Total. 10,388 

Number  of  notices  issued  and  recorded, 1,070 

Number  of  visits  to  premises  where  contagious  diseases  oc- 
curred during  the  year,  ........       1,644 

The  various  dumps  throughout  the  city  have  caused  considerable  annoy- 
ance and  given  rise  to  many  complaints  during  the  year.  With  a  view  to 
a  more  thorough  control  of  the  persons  using  these  dumps  and  for  the  pre- 
vention of  the  deposit  of  improper  material  on  them,  the  Board  decided  to 
employ  a  mounted  police  officer  for  as  long  a  time  as  the  appropriation  tt 
their  disposal  would  permit.  The  short  experience  the  Board  has  had  with 
this  means  of  prevention,  has  convinced  it  of  its  value. 

Owing  to  the  occurrence  of  some  cases  of  small-pox  in  neighboring 
places,  the  Hoard  decided  to  open  three  stations  for  free  vaccination.  Fol- 
lowing is  a  list  of  vaccinations  done  up  to  the  close  of  the  year :  —  Siatioo 
One,  seventy-one ;  Station  Two,  two  hundred  and  four ;  Station  Hiree, 
one  hundred  and  fourteen. 

An  unusual  prevalence  of  scarlet  fever,  or  of  diphtheria,  always  raises  ft 
question  of  the  expedienoy  of  closing  the  public  schools.  Setting  aside 
the  fact  that  Boards  of  Health  have  not  this  power,  it  does  not  appear  ftft 
if  such  a  proceeding  would  answer  any  useful  purpose  in  the  majority  <i 
cases  in  such  a  city  as  Cambridge.  Any  plan  calculated  to  oontrol  dtfC" 
tively  the  spread  of  such  diseases  as  scarlet  fever  and  dlpfatiieiia  nuMi  it- 
oinde  the  following  meamuee :  — 
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1.  IsokUion,  Hospital  aocommodation  will  be  required  for  those  cases 
which  cannot  be  properly  isolated  at  home. 

2.  Disinfection.  Carpets,  bedding,  clothing  and  such  like  articles  can 
be  disinfected  by  steam.     This  requires  a  proper  plant. 

3.  Articles  of  little  value  that  have  been  exposed  to  contamination 
should  be  burned. 

4.  The  floor  and  woodwork  of  rooms  should  be  well  scrubbed  with  soap 
and  hot  water.  Walls,  ceilings,  chairs,  bedsteads  and  such  other  pieces  of 
furniture  should  be  thoroughly  wiped  with  damp  cloths,  and  the  doths 
burned. 

5.  Windows  should  be  left  open  for  several  days.  Fresh  air  and  sun- 
light are  among  the  most  efllective  of  purifiers 

Burning  sulphur,  or  the  evolution  of  chlorine  fumes,  is  a  useful  adjunct, 
but  they  cannot  take  the  place  of  the  measures  mentioned  above,  and  to 
rely  on  them  is,  in  our  opinion,  a  grave  mistake.  Disinfection  means  a 
process  by  which  disease-producing  micro-organisms  are  killed.  It  does 
not  mean  deodorization,  nor  does  it  mean  the  substitution  of  one  smell  for 
another  smell.  It  is  one  thing  to  kill  germs  in  a  test  tube ;  to  do  this  in  a 
room  with  all  its  cracks  and  corners  and  its  unavoidable  leakage  is  a  very 
different  business. 

The  mortality  per  1,000  living,  at  all  ages,  was  19.72. 

Chelsea. 

Under  the  act  of  1890,  which  was  accepted  by  the  city  council,  three 
hundred  and  sixty-eight  privies  have  been  abolished  this  year,  and  the  work 
will  be  continued  the  coming  year,  where,  in  the  judgment  of  the  Board,  it 
is  necessary. 

Owing  to  the  breaking  out  of  small-pox  in  Boston  it  was  thought  best, 
as  a  precaution,  to  advertise  free  vaccination,  which  began  the  twentieth  of 
December. 

Concord. 

It  was  thought  best  by  the  Board,  after  careful  consideration,  to  stop  all 
direct  drainage  into  the  river  in  this  town. 

Regulations  were  made  by  the  Board  relative  to  school  attendance  in 
time  of  prevalence  of  infectious  diseases. 

There  have  been  two  cases  of  glanders  in  this  town  the  past  year.  In 
both  of  these  cases  the  horses  have  been  killed  as  soon  as  a  positive  diag- 
nosis was  given  by  the  attending  veterinary. 

We  make  the  following  recommendations,  and  hope  the  town  will  take 
action  on  the  same :  — 

That  a  system  of  sewage  disposal  of  some  kind  other  than  the  present 
be  put  in  at  once. 

That  some  suitable  piece  of  land  be  bought  by  the  town  to  be  used  by 
the  inhabitants  of  this  town  as  a  dump.     Some  place  should  be  procured 
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far  enough  away  from  the  centre  of  the  town,  off  from  the  main  roads,  to 
which  every  one  should  cart  his  rubbish,  ashes,  tin  cans,  etc.  No  garb- 
age of  any  kind  should  be  allowed  to  be  dumped  there,  and  the  place 
should  be  burned  over  once  or  twice  a  year.  The  places  now  used  are 
unsightly,  if  not  dangerous  to  public  health. 

That  the  board  of  health  of  this  town  consist  of  three  members,  one  of 
whom  to  be  elected  annually,  to  serve  three  years,  to  be  separate  and  dis- 
tinct from  the  selectmen. 

Cottage  City. 

During  last  August  our  attention  was  called  to  the  condition  of  the 
waters  of  Lake  Anthony.  On  investigation  we  found  the  opening  through 
the  beach  to  the  sea  nearly  closed,  and  the  water  becoming  stagnant  had 
allowed  the  sea-grass  and  moss  to  grow  in  large  quantity.  Although  not 
unhealthy,  it  has  an  unpleasant  odor,  and  renders  unsightly  what  is  other- 
wise a  beautiful  sheet  of  water.  We  recommend  the  appropriation  of  a 
sum  not  exceeding  one  hundred  dollars  for  the  purpose  of  cleaning  the 
shore  of  the  lake  and  maintaining  a  sufficient  opening  to  the  sea. 

To  conform  to  the  requirements  of  chapter  195  of  the  Acts  and  Resolves 
of  the  year  1892  we  appointed  an  inspector  of  provisions  and  of  animals 
intended  for  slaughter  or  kept  for  the  production  of  milk. 

Dedham. 

There  has  been  a  great  increase  in  the  scarlet  fever  cases  over  previous 
years.  Considerable  care  has  been  taken  by  the  Board  to  prevent  the 
spread  of  this  disease,  and  the  scattered  and  wide  range  of  the  cases  ren- 
dered it  practically  impossible  for  the  Board  to  anticipate  results.  Many 
of  the  cases  were  traced  by  the  attending  physician  to  outside  sources,  and 
beyond  the  control  of  the  Board.  It  has  been  found  almost  impossible,  in 
some  cases,  to  make  the  parents  understand  the  value  of  implicitly  follow- 
ing the  instructions  given  by  the  attending  physician,  and  in  one  case  it 
became  necessary  to  enforce  directions  by  means  of  an  officer.  The  three 
deaths  were  all  in  one  family  where  the  cases  were  severest. 

The  reporting  of  the  cases  of  measles  has  heretofore  not  been  insisted 
upon.  The  value  of  such  a  report  is  chiefly  for  the  use  of  the  superin- 
tendent of  schools  in  relation  to  attendance  of  pupils  afflicted  or  exposed 
to  this  disease. 

A  large  proportion  of  the  complaints  made  to  the  Board  daring  the 
previous  year  were  from  the  keeping  of  swine  in  the  more  thickly-settled 
portion  of  the  village.  It  was  found  difficult  to  allow  the  keeping  of  swine 
in  certain  localities  without  their  being  a  nuisance.  In  conseqneoce  the 
Board  adopted  the  regulations  now  in  force,  prohibiting  the  keeping  of 
swine  within  the  more  settled  portions  of  the  village,  with  the  resalt  ti^ 
the  complaints  and  nuisances  from  this  source  oeaaed.    Under  liie  {KeNBt 
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idea  that  swine  must  be  kept  in  filth  and  mire  the  Board  believes  that  the 
prohibition  of  their  keeping  in  the  closely-settled  portions  of  the  town  is 
the  only  method  whereby  this  nuisance  can  be  disposed  of  satisfactorily. 

The  town  must,  at  a  very  early  date,  take  the  question  of  sewerage 
seriously  under  consideration.  Each  year  the  demand  grows  more  impera- 
tive. It  needs  but  the  inspection  of  a  majority  of  cess-pools  in  this  town 
to  convince  one  of  the  necessity  of  a  more  sanitary  and  efficient  method. 
The  cost  of  caring  for  these  unsightly  and  unsanitary  receptacles  is  as 
great,  if  not  greater,  than  would  be  the  expense  to  the  town  of  an  efficient 
sewerage  system.  Many  cess-pools  are  becoming  choked  up,  and  are 
merely  cisterns  to  be  cleaned  out  often  at  great  expense  and  discomfort, 
or  else  allowed  to  overflow  as  a  continual  menace  to  health.  It  is  earnestly 
hoped  that  the  town  will  take  immediate  action  in  relation  to  the  sewerage 
question. 

In  accordance  with  chapter  477  of  the  Acts  of  1893  the  Board  has  pre- 
pared a  set  of  by-laws  for  the  consideration  of  the  town  in  relation  to  the 
regulation  of  plumbing  and  plumbers. 

A  matter  of  considerable  importance  has  been  brought  before  the  Board 
this  year  in  relation  to  the  better  drainage  of  Wigwam  meadows  and  Little 
Wigwam  swamp.  This  subject  has  been  before  the  town  for  many  years, 
and  has  been  reported  on  by  previous  boards  of  health  and  committees. 
While  such  reports  have  been  unanimously  in  favor  of  improving  this 
drainage,  little  has  been  done  in  this  direction  except  to  clear  a  ditch  from 
Wigwam  pond  to  the  river.  After  a  hearing  and  careful  examination  of 
the  locality  in  company  with  some  of  the  petitioners  the  Board  decided 
that  a  careful  survey  and  thorough  examination  of  the  swamps  and  facili- 
ties for  better  drainage  should  be  made  as  a  guide  for  a  proper  considera- 
tion of  the  subject.  In  accordance  with  this,  plans  and  a  report  with 
estimates  have  been  prepared  which  treat  the  whole  matter  in  an  exhaustive 
and  thorough  manner.     This  report  is  annexed  to  the  report  of  the  Board. 

East  Bridgewater. 
The  Board  has  visited  several  scarlet  fever  cases  this  year,  and  has  seen 
to  it  that  no  persons  passed  in  and  out  of  the  houses  where  such  cases 
existed,  except  those  who  were  absolutely  obliged  to  do  so.  We  have, 
also,  visited  several  horses,  and  have  condemned  one  as  affected  with 
glanders  and  ordered  him  disposed  of.  We  have  also  examined  and  quar- 
antined several  tuberculous  cattle,  and  shall  see  that  they  are  also  properly 
disposed  of  before  their  milk  and  flesh  have  infected  healthy  human  beings. 
The  Board  has  also  corrected  several  extreme  nuisances. 

Easthabipton. 
There  have  been  comparatively  few  complaints  of  the  existence  of  nui- 
sances as  compared  with  former  years.     People  generally  evince  a  readi- 
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ness  to  comply  with  the  reqairements  of  the  Board,  and  seem  to  more 
generally  realize  that  it  is  for  their  own  benefit  to  keep  their  premises  in  a 
neat  and  cleanly  manner. 

With  the  contemplated  and  partially  constructed  sewer  system  and  the 
introduction  of  an  abundance  of  pure  water  into  more  general  use  we  are 
confident  that  the  appearance  of  contagious  diseases  will  be  greatly 
lessened. 

Everett. 

The  city  has  been  remarkably  free  from  summer  diseases  of  children. 
There  was  an  increase  in  the  number  of  cases  of  some  of  the  zymotic 
diseases.  Cards  have  been  put  on  the  houses  whercTer  there  was  a  case 
of  diphtheria  or  scarlet  fever,  and  notice  sent  to  the  school  committee, 
public  library  and  State  Board  of  Health. 

Everett  is  a  city  of  new  houses.  It  will  be  a  matter  of  a  great  deal  of 
public  importance  to  learn  how  many  persons  become  sick  with  consump- 
tion while  living  in  these  new  dwellings,  or,  in  case  of  death  from  that 
disease,  to  learn  if  the  person  was  aflSicted  before  coming  here.  The 
Board  has  taken  steps  to  obtain,  as  far  as  possible,  and  record  these 
facts. 

The  Board  has  fumigated  houses  after  contagious  diseases  when  requested 
to  do  80.  As  the  disinfecting  done  by  householders  is,  in  most  cases, 
worse  than  useless,  since  it  is  often  thought  that  the  burning  of  one  or  two 
ounces  of  sulphur  has  destroyed  all  germs  and  no  further  precautions  are 
necessary,  the  Board  voted  that,  beginning  with  Jan.  1,  1894,  all  houses 
where  contagious  diseases  had  occurred  should  be  disinfected  by,  or  under, 
the  personal  direction  of  the  Board  or  its  agent. 

Fall  River. 

It  is  especially  gratifying  to  note  that  the  exceptional  decrease  in  typhoid 
fever  cases  observed  in  the  returns  for  the  year  1892  has  been  maintained 
during  the  year  1893.  The  sanitary  education  of  our  citizens  is  undoubt- 
edly making  great  improvement.  The  limitation  of  the  spread  of  contagions 
diseases  has  been  helped  very  much  by  the  fact  that  early  in  the  year  this 
Board  adopted  the  system  of  immediately  placarding  every  house  in  which 
a  case  of  scarlet  fever  or  diphtheria  was  reported  to  exist,  and  ordering 
that  the  cards  remain  in  place  until  two  weeks  after  the  recovery,  renKn*«l 
or  death  of  such  patient  or  patients.  We  would  recommend  that,  eren 
though  we  have  no  reason  to  be  apprehensive  of  a  cholera  visitation,  ft 
house-to-house  inspection  every  spring  would  result  in  a  benefit  to  the 
public  health,  fully  justifying  the  necessary  ouUay.  It  is  our  opinion  thil 
provision  should  at  once  be  made  for  an  annual  visitation  of  this  kind* 
We  know  that  such  a  yearly  stirring  up  and  cleaning  of  the  tAtj  In  abso- 
lutely necessary.  ^Experience  has  taught  as  that  It  is  only  bj  fooll^jflett* 
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atic  inspections,  the  soarces  of  all  nuisances  can  be  successfully  located 
and  the  city  kept  in  a  thorough  sanitary  condition. 

Number  of  live  cattle  examined, 1,325 

Number  of  live  cattle  examined  and  reported  as  unfit  for  food  or  food 

supply, 6 

Number  of  meat  carcasses  examined, 26 

Number  of  meat  carcasses  examined  and  destroyed, 15 

The  following  is  a  summary  of  the  work  accomplished  in  the  office  of  the 
Inspector  of  Plumbing  during  the  year  just  ended  :  — 

Number  of  plans  filed, 471 

Number  of  new  houses, 268 

Number  of  reconstructions, 203 

Number  of  approvals, 425 

Number  of  inspections, 1,899 

FiTCnBURG. 

During  the  past  year  the  city  has  been  visited  with  one  of  the  most  ex- 
tensive epidemics  of  measles  in  its  history,  there  being  592  cases  reported 
to  the  Board.  The  disease  was  not  of  a  severe  form,  and  the  number  re- 
ported did  not  express  the  total  number  of  cases.  It  began  in  January 
and  rapidly  increased  until  May,  when  270  cases  were  reported.  It  as 
rapidly  declined  during  the  summer,  and  in  August  only  one  case  was 
reported.  , 

In  regard  to  diphtheria  the  number  of  cases  was  ten,  and  was  below  the 
average  for  the  past  four  years,  during  which  time  the  records  have  been 
carefully  kept,  the  average  being  14.5  for  the  period.  The  cases  showed 
a  milder  form  than  usual,  there  being  only  three  deaths,  one  of  which  was 
called  croup.  The  largest  number  of  cases  occurred  in  the  first  three 
months  of  the  year,  conforming  to  the  average  for  four  years. 

There  were  twenty- eight  cases  of  scarlet  fever  reported,  as  compared 
with  fifty-one  for  1892,  and  an  average  of  sixty  cases  for  the  four-year 
period.  The  cases  were  unusually  light,  no  deaths  from  the  disease  being 
recorded.  The  largest  number  of  cases  reported  was  in  June.  This  does 
not  conform  to  the  average  for  four  years,  during  which  time  the  largest 
number  of  cases  have  been  reported  during  the  first  months  of  the  year, 
February  showing  the  largest  number  of  any  single  month. 

During  the  year  just  past  there  have  been  twenty-three  cases  of  typhoid 
fever  reported,  the  largest  number  for  four  years,  and  six  more  than  in 
1892,  when  seventeen  cases  were  reported.  There  were  four  deaths  re- 
ported as  compared  with  none  for  1892.  The  largest  number  of  cases 
occurred  in  September.    A  comparison  of  the  records  for  the  foar  years 
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past  shows  but  few  cases  occurring  during  the  first  six  months  of  the  year, 
July,  September,  October  and  November  showing  the  largest  number. 

The  house-offal  teams  have  been  continued  in  the  work  of  collecting 
swill  as  in  the  previous  four  years,  doing  good  woric  in  promoting  cleanli- 
ness of  the  city.  During  the  past  year  363  cords  of  house  offal  have  been 
collected  and  carried  to  the  place  of  deposit. 

The  rules  relating  to  plumbing  have  been  carefully  revised  to  keep  pace 
with  the  science  of  plumbing  and  house  drainage.  The  result  of  the  work 
of  the  Board  for  the  past  year  shows  a  vast  improvement  in  the  quality  of 
plumbing  work,  and  still  better  results  are  hoped  for  the  coming  year. 

Complaints  received, 272 

Privy  vaults  discontinued, 1 H 

Plumbing  jobs  inspected, 362 

New  water-closets  inspected, 513 

Houses  fumigated  or  instruction  given, 1^1 

Framingiiam. 

Fifty-five  complaints  of  existing  nuisances  have  been  made  to  the  Board 
during  the  past  year,  all  of  which  have  been  attended  to  and  abated  as  far 
as  was  thought  best.  The  owners  of  fifty-three  tenements  have  been 
ordered  to  connect  them  with  the  public  sewer. 

Gardner. 

Realizing  the  great  importance  of  milk  as  an  article  of  food,  early  dur- 
ing the  past  season  we  requested  the  co-operation  of  some  of  our  neighbor- 
ing towns  in  a  closer  inspection  of  the  milk  that  was  being  delivered  in  this 
town ;  failing  in  this,  we  would  recommend  that  no  person  be  granted  a 
license  to  sell  milk  in  Gardner  unless  such  person  furnish  an  acceptable 
certificate  of  cattle  inspection. 

The  work  of  the  cattle  inspectors  during  the  year  has  added  mach 
toward  the  improvement  of  the  milk.  They  examined  thirty-three  herds, 
three  herds  more  than  last  year.  Some  cows  were  examined  five  times. 
The  inspectors  condemned  and  caused  to  be  killed  eight  cows,  and  con- 
demned four  carcasses.  At  the  present  time  all  the  cows  in  town  are 
considered  in  very  good  condition. 

We  would  earnestly  recommend  to  every  family  who  depend  on  wells  for 
their  supply,  or  for  the  supply  of  their  cattle,  to  use  the  greatest  possible 
care  of  their  wells,  and  avoid  all  i)ossible  contamination  from  cesspools, 
water-closets  and  barns,  or  other  filthy  matter.  By  doing  so  they  will  in  a 
great  measure  protect  themselves  from  typhoid  fever. 

We' have  to  report  quite  an  extensive  epidemic  of  typhoid  fereft  bot 
rather  mild  in  its  character,  and  fortunately  resulting  in  only  one  deatb. 
We  believe  that  had  the  Board  known  earlier  the  existiiig  oireimistaiicet 
this  epidemic  might  have  been  somewhat  leeeened.    Am  eoon  wm  the  Bond 
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inTestigated  and  found  the  source  of  infection  the  epidemic  was  confined 
to  a  very  small  radius,  and  soon  brought  under  control.  It  resulted  from 
impure  milk  occasioned  by  impure  water. 

Gloucester. 

One  hundred  and  ninety-three  nuisances  received  attention.  All  bona 
fide  nuisances  have  been  abated  where  possible,  but  in  a  city  without 
sewerage  it  is  occasionally  advisable  to  be  very  lenient,  especially  where 
some  neighboring  quarrel  seems  to  have  been  the  animus  of  the  complaint, 
which  sometimes  appears  to  be  the  case. 

If  sewerage  is  not  soon  adopted  the  city  must  resort  to  some  method  less 
objectionable  than  the  present  method  of  disposing  of  night-soil  and  sink- 
waste. 

Great  Barrington. 

During  the  year  the  selectmen,  acting  as  a  board  of  health,  have  been 
notified  of  twenty-seven  cases  of  scarlet-fever,  of  which  but  one  proved 
fatal ;  and  four  cases  of  diphtheria,  of  which  number  two  cases  proved 
fatal.  The  board  adopted  the  usual  sanitary  measures  of  precaution  in 
such  cases.  We  believe  that  the  cause  of  many  of  these  cases  exists  in  the 
carelessness  on  the  part  of  individual  families  in  the  disposal  of  garbage  and 
neglect  to  keep  the  dwellings  properly  cleaned.  Dirt  and  refuse  matter  are 
two  great  enemies  to  public  health,  and  we  cannot  urge  too  strongly  the 
importance  of  an  observation  of  the  utmost  care  in  these  measures. 

Greenfield. 
The  Board  feels  that  the  most  important  matter  they  have  to  recommend 
to  the  careful  consideration  of  the  town  is  the  subject  of  sewers.  This  is  a 
very  broad  subject  and  difficult  and  impossible  for  us  to  treat  in  the  thor- 
ough manner  that  it  demands.  Our  present  system,  if  system  it  can  be 
called,  is  totally  inadequate  for  the  needs  of  our  growing  town ;  many  sec- 
tions are  entirely  unprovided  for,  and  many  other  sections  where  there 
already  is  a  public  sewer,  suffer  great  expense  and  inconvenience  at  the 
time  of  a  heavy  rainfall,  owing  to  the  inability  of  the  tile  to  carry  off  the 
large  amount  of  surface  water  that  is  thrown  into  it,  and  in  consequence 
cellars  are  flooded.  This  diflSculty  is  experienced  more  or  less  throughout 
the  whole  town  and  sooner  or  later  the  surface  water  will  have  to  be  taken 
care  of  in  some  other  way. 

Haverhill. 
The  appointment  of  an  inspector  of  plumbing  has  been  a  great  relief  to 
the  agent,  and  great  public  good  will  be  the  outcome,  for,  as  we  have 
already  stated  in  previous  reports,  it  is  found  impossible  for  the  agent,  in 
addition  to  his  other  duties,  to  give  this  branch  of  the  sanitary  service,  so 
extremely  important,  the  attention  and  careful  supervision  that  it  should 
have.     Plumbers  are  now  required  to  test  their  work  by  water  pressure  in 
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the  presence  of  the  inspector,  which  gives  a  much  more  thorough  and  satis- 
factory inspection.  The  record  shows  that  three  hundred  jobs  of  plumbing 
(new  and  remodelled)  have  been  inspected  last  year. 

Nuisances  Investigated  During  the  Year, 

Garbage  eoUected,  loads, 1^320 

House  sewerage  defective, 42 

Plumbing  defective, 30 

Privy-vaults  full  and  offensive, 138 

Privy-vaults  cleaned, 800 

Privy-vaults  removed, 142 

Whole  number  of  privy-vaults  removed  since  1888,       .        .        .  1,002 

The  general  health  of  the  city  during  the  year  has  been  excellent.  No 
fatal  epidemic  has  visited  the  city. 

The  faithfulness  and  care  with  which  contagious  diseases  are  reported  by 
physicians  speak  well  for  the  interest  in  their  profession  and  in  the  public 
welfare.  Notwithstanding  the  wide  publicity  that  has  been  given  to  the  law 
that  requires  householders  as  well  as  physicians  to  report  dangerous  con- 
tagious diseases  to  the  Board  of  Health,  some  cases  occur  where  the  disease 
is  so  mild  that  the  children  are  hardly  considered  ill  enough  to  be  put  to 
bed,  and  consequently  no  physician  is  called  and  no  report  comes  to  the 
Board.  Thus  no  efforts  are  made  to  prevent  its  spread,  and  great  damage 
is  liable  to  be  done  in  consequence  by  spreading  the  disease  in  the  neigh- 
borhood in  a  malignant  form. 

HiNGHAM. 

Eariy  in  August,  complaints  having  reached  the  Board  regarding  a  tallow 
factory  at  Fort  Hill,  representatives  of  the  Board  visited  the  establishment, 
which  they  found  in  a  filthy  condition. 

The  business  seemed  necessarily  to  give  rise  to  offensive  odors,  and 
although  the  health  of  the  community  should  always  be  paramount  to  the 
pecuniary  interest  of  any  individual  or  firm,  at  the  earnest  request  of  the 
proprietor  a  further  time  was  granted  on  the  plea  that  the  business  had  bat 
recently  been  established  and  the  firm  had  been  unable  to  put  their  mana- 
factory  into  proper  shape.  The  claim  was  also  made  by  the  proprietors 
that  tliey,  by  undergoing  a  larger  expense,  could  use  apparatus  by  which 
all  offensive  odors  would  be  destroyed.  They  promised  to  introduce  such 
machinery  at  once,  and  an  opportunity  was  given  them  to  make  such 
changes. 

The  establishment  was  several  times  visited  by  members  of  the  Board,  to 
watch  the  results  of  any  changes  made  by  the  proprietors.    On  September 
22,  no  better  results  having  been  obtained,  the  basinesa  was  dedaredt   « 
nuisance  by  this  Board,  and  they  were  ordered  to  dote  their  wmks  atooee, 
which  order  was  promptly  obeyed. 
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HOLYOKE. 

The  past  year  throughout  the  city  has  been  fairly  healthy.  None  of  the 
contagious  diseases  have  prevailed  at  any  time  to  an  alarming  extent. 
Although  there  were  numerous  cases  of  diphtheria  and  scarlet  fever  during 
the  first  four  months  of  the  municipal  year  just  ended  the  number  of  cases 
during  the  rest  of  the  year  and  at  present  is  much  below  the  average. 

Small-pox  again  appeared  in  our  midst  during  the  month  of  September. 
Although  limited  to  a  single  block,  it  attacked  three  persons,  all  of  whom 
recovered  after  a  more  or  less  protracted  stay  at  the  pest-house.  Here 
again  the  city  physician  desires  to  call  your  attention  to,  and  to  emphasize 
a  recommendation  of  the  Board  of  Health,  viz.,  that  there  be  a  general 
vaccination.  The  Board  of  Health  calls  your  attention  to  a  deficiency  in 
the  heating  apparatus  at  the  pest-house.  That  such  a  deficiency  exists 
was  only  too  apparent  during  the  stay  of  the  recent  cases,  and,  added  to 
this,  was  a  failure  in  the  water  supply.  The  water  at  the  pest-house,  ob- 
tained from  a  well  sunk  beneath  the  kitchen,  has  always  been  of  a  very 
poor  quality,  but  this  year  it  became  so  impure  it  had  to  be  discarded  even 
for  washing  purposes. 

We  have  been  remarkably  free  from  typhoid  fever  during  the  entire 
year. 

The  Board  this  year  as  heretofore  recommends  that  all  the  alleys  be 
graded,  and  that  those  between  our  principal  business  streets,  through 
which  heavy  truck-teams  pass,  be  paved  with  stone,  brick  or  any  other 
material  which  seems  proper. 

Hudson. 

The  greatly  increased  number  of  calls  to  look  after  nuisances  caused  by 
the  disposal  of  waste  water,  has  convinced  the  Board  that  the  time  has 
come  when  the  town  ought  to  take  initial  action  with  regard  to  a  system  of 
sewerage.  When  all  the  water  used  by  consumers  is  pumped  or  drawn 
from  wells,  the  quantity  used  may  be  easily  disposed  of  in  cesspools,  and 
taken  care  of  by  the  surrounding  earth  without  danger  of  infection,  if  the 
cesspools  are  emptied  and  cleaned  periodically.  Or,  if  the  waste  water  is 
discharged  into  natural  waterways,  it  may  cause  no  nuisance  in  a  sparsely 
settled  locality,  or  if  there  are  only  a  few  discharge  pipes.  But,  when  an 
abundant  supply  is  furnished  by  the  town  water- works,  and  its  use  is  almost 
universal,  the  quantity  used  is  so  much  increased,  that  it  is  only  a  question 
of  time  when  the  earth  about  cesspools  will  become  saturated  with  water, 
and  entirely  filled  with  decomposing  filth.  And  this  condition  will  be 
found,  not  only  on  one  man's  premises,  but  in  entire  neighborhoods,  grow- 
ing worse  constantly  as  they  become  more  thickly  settled. 

The  Board  would  recommend  the  voters  to  take  action  by  appointing  a 
committee  to  consider  the  question  of  a  sewerage  system,  with  authority  to 
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consult  the  State  Board  of  Health  and  obtain  their  advice  and  instructions, 
and  with  authority  to  employ  a  competent  civil  engineer  to  make  surveys, 
plans  and  estimates  for  a  complete  system  of  sewerage,  and  take  any  action 
necessary  to  make  a  full  report  to  the  town  on  the  subject  at  some  subse- 
quent meeting. 

Ipswich. 

In  regard  to  the  sanitary  condition  of  the  town,  the  people,  generally, 
have  complied  with  the  requirements  of  the  Board,  and  in  no  case  where 
we  have  ordered  a  nuisance  abated  have  we  had  any  trouble  or  had  to  re- 
sort to  legal  measures. 

In  regard  to  contagious  diseases  amongst  the  cattle  in  the  town  we  will 
state  the  following:  the  selectmen  appointed  a  cattle  inspector,  and  the 
Board  of  Health  also  appointed  him  as  their  agent  giving  him  full  power 
to  act  for  them,  and  he  has  faithfully  attended  to  his  duties.  The  whole 
number  of  cattle  inspected  by  him  was  eleven  hundred  and  four,  and  he 
ordered  nineteen  of  this  number  quarantined  as,  in  his  opinion,  they  were 
diseased,  and  notified  this  Board  of  his  doings.  The  State  Cattle  Commis- 
sioners were  at  once  notified  in  regard  to  same,  who  came  and  examined 
them  and  ordered  the  killing  of  eight  which  were  sick  with  tuberculosis, 
and  their  carcasses  were  properly  buried. 

Lawrence. 

Six  hundred  and  seventy-four  vaults  have  been  abolished  since  Jan.  1, 
1889.  There  have  been  2,184  water-closets  placed  in  buildings  where 
vaults  have  been  abolished. 

During  the  year  19,714  loads  of  garbage  have  been  removed,  an  increase 
of  4,376  over  1892.  Realizing  the  necessity  of  a  different  method  of  dis- 
posing of  the  waste  matter,  the  Board  has  recommended  that  some  provi- 
sion be  made  to  dispose  of  this  material  in  a  satisfactory  manner. 

There  has  been  an  alarming  prevalence  of  scarlet  fever  during  the  year, 
and  the  percentage  of  fatalities  greater  than  formerly. 

More  cases  of  measles  have  been  reported  than  ever  before,  forty-six 
cases  coming  in  during  one  week.  The  fatalities  have  been  small,  only 
three  out  of  sixty  cases  resulting  fatally.  Diphtheria  has  not  been  very 
prevalent.  During  the  December  vacation,  3,200  school  children  were 
vaccinated  by  the  ward  physicians.  We  were  pleased  at  the  ready  response 
from  the  agents  of  the  corporations  as  we  found  that  vaccination  was  being 
carried  on  in  a  very  systematic  manner. 

We  have  had  hve  cases  of  glanders  in  horses  and  seven  cases  of  tobc^ 
culosis  in  cattle,  which  were  pronounced  such  by  the  Cattle  Conunissioners. 

Lexington. 

The  Board  has  made  several  official  tours  of  inspectioii ;  among  tiien 
was  the  inspection  of  the  several  hotels  and  private  boaitHng-hooaeii  and 
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we  are  pleased  to  state  that,  with  few  exceptions,  the  sanitary  conditions 
were  good.  The  inspection  of  some  of  the  numerous  newly  built  houses 
was  not  so  assuring ;  indeed,  the  systems  of  house  drainage  in  many  of 
them  were  alarming.  One  case,  for  instance,  may  be  cited  :  a  double  tene- 
ment ;  no  water  supply  except  from  well  dangerously  near  drain  ;  untrapped 
sinks  discharging  into  an  open  tank  in  cellar,  contents  of  which  were  used 
to  flush  closet;  without  vent;  useless  trap;  cesspool  twenty-eight  feet 
from  house.  It  would  almost  seem  that  the  ingenuity  here  displayed  tended 
only  toward  one  result,  —  the  death  of  the  occupants. 

Some  years  ago  the  question  of  a  sewerage  system  for  the  town  was 
agitated  to  the  extent  of  the  appointment  of  a  committee,  the  investigation 
of  different  schemes  was  initiated,  and  even  the  engineer's  survey  obtained. 
This  subject,  so  vital  to  the  interests  of  the  town,  seems  to  have  passed  into 
oblivion ;  nothing  is  heard  of  it  except  now  and  then  a  few  desultory  re- 
marks on  the  matter.  It  is  hoped  that  this  subject  is  not  entirely  forgotten, 
for  if  forgotten  and  neglected  there  will  be  a  rude  awakening,  perhaps 
within  a  few  years. 

Lowell. 

During  the  year  1893,  twenty-five  thousand  five  hundred  and  thirty-seven 
(25,537)  loads  of  ashes  were  removed  from  houses  and  stores  to  the  vari- 
ous dumping-grounds. 

Late  in  the  year  1892,  the  Engle  cremator  was  completed  so  that  for  the 
year  covered  by  this  report  it  has  been  in  use,  destroying  about  one-half 
of  the  garbage  of  the  city.  Owing  to  the  usual  friction  that  all  new  un- 
dertakings have  to  overcome,  it  was  not  until  April  that  a  complete  system 
of  account  was  commenced.  Since  April  every  pound  of  swill  consumed 
and  every  pound  of  coal  used  has  been  weighed  daily  so  that,  estimating 
the  amount  burned  the  first  three  months  of  the  year  and  adding  to  it  the 
amount  weighed  for  the  last  nine  months,  we  have,  say  3,500  tons  of  swill 
consumed  for  the  year  1893,  beside  the  miscellaneous  articles  enumerated 
in  the  table  printed  herewith :  — 

Three  thousand  five  hundred  tons  s\Wll  and  market  refuse  burned. 
Four  horses. 
Seventy  cats. 
Sixty-three  dogs. 

Two  hundred  and  fifteen  mattresses. 
Four  hens. 
Seven  rabbits. 
One  raccoon. 

Three  loads  and  one  barrel  infected  clothing  (small-pox). 
Seven  loads  infected  clothing  (diphtheria). 

Seventy-seven  thousand  one  hundred  and  sixteen  pounds  paper  burned  on  ground 
in  rear  of  cremator. 
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The  opinion  of  the  Board,  after  the  experience  of  the  year  with  the 
Engle  cremator  is  briefly  this  :  Under  no  circumstances  would  it  be  willing 
to  return  to  the  old  method  of  swill-house  distribution  to  farmers,  and  it  is 
also  convinced  that  cremation  of  the  garbage  is  more  satisfactory  to  the 
inhabitants  of  a  city  than  the  rendering  process.  The  cost  of  burning 
garbage  at  Engle  cremator,  from  Jan.  1,  1893  to  Dec.  31,  1893,  was 
$7,670.77. 

The  Board  caused  a  thorough  inspection  of  the  water-shed  of  River 
Meadow  brook  to  be  made,  and  the  results  are  such  as  to  demand  prompt 
remedial  and  preventive  action. 

The  work  of  inspecting  the  tenement  houses  of  Lowell  in  a  thorough 
and  systematic  way  has  been  commenced  this  year,  and  so  far  the  results 
have  been  very  satisfactory ;  but  the  great  value  of  the  inspection  will  come 
in  later  years,  as  from  the  records  made  and  kept  by  the  library  system,  an 
inspector  can  turn  to  them  at  any  time  and  find  the  condition  of  any  house 
in  the  city  so  far  as  relates  to  plumbing,  drainage  and  ventilation,  and  will 
then  only  have  to  keep  watch  that  the  premises  are  kept  clean  and  in  repair. 

From  June  27  to  September  16,  there  were  14,918  baths  taken  by  men 
and  boys,  a  decrease  from  1892  of  8,347,  but  it  is  explained  by  the  fact 
that  more  than  that  number  used  the  house  to  put  their  clothes  in,  and  then 
came  outside  and  swam  in  the  river. 

Lynn. 

The  Board  of  Health  appointed  an  inspector  of  plumbing  under  the  pro- 
visions of  chapter  477,  Acts  of  1893. 

Under  the  provisions  of  a  special  act  of  May  4,  1893,  chapter  313 
(1893),  the  Board  of  Health  of  Lynn  was  authorized  to  appoint  an  "in- 
spector of  provisions,  and  of  animals  intended  for  slaughter  or  kept  for  the 
production  of  milk,  who  should  also  be  an  inspector  of  milk,  butter,  cheese 
and  vinegar." 

Each  of  the  officials  appointed  under  these  acts  contributes  a  full  report 
of  his  transactions. 

The  Board  recommends  the  following  amendments  to  the  milk  laws:  — 

1.  That  the  cost  of  analysis  be  charged  as  court  costs. 

2.  That  boards  of  health  be  vested  with  power  to  revoke  licenses. 
The  failure  of  the  city  government  to  carry  out  our  recommendationB  or 

to  adopt  a  system  for  the  disposal  of  garbage  and  night-soil  placed  the 
Board  in  the  predicament,  on  April  20,  of  having  no  place  to  dump  that 
material,  or  otherwise  dispose  of  the  same  by  cremation  or  extractioD. 
To  relieve  the  situation  the  city  purchased  the  land  about  the  outfall  sewer, 
and  we  entered  into  contract  with  an  excavating  company  and  had  a  tem- 
porary basin  dredged  for  the  scow  on  land  alongside  the  outfall  aewer  at 
West  Lynn.  A  dock  was  also  constructed  with  a  small,  frame  baOdiog 
thereon.    The  disposition  of  offal  by  loading  it  into  the  eoow,  towii^it 
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twelve  miles  out  to  sea  and  there  dumping  it  in  deep  water,  was  inaugu- 
rated, and  has  proven  a  success. 

Twelve  trips  have  been  made  and  1 ,486  tons  of  offal  so  disposed  of,  with- 
out accident  or  a  single  complaint,  at  a  cost  of  ninety-four  cents  per  ton 
for  labor,  towage  and  expense  of  repairs.  We  shall  pursue  this  method 
until  the  city  council  adopts  some  other  and  better  one.  We  recommend 
the  immediate  purchase  of  another  scow.  The  dump  at  West  Lynn  was 
abandoned  on  the  expiration  of  the  lease,  April  20,  and  no  garbage  was 
placed  thereon  after  that  date. 

The  Board  requested  that  immediate  steps  be  taken  by  the  city  council 
to  provide  suitable  accommodations  for  persons  affected  with  contagious 
diseases. 

Marblehead. 

The  health  cart  is  one  of  the  most  important  institutions  in  our  town, 
and  we  hope  has  come  to  stay  both  summer  and  winter.  Two  thousand 
loads  of  refuse  matter  have  been  collected  the  past  year.  To  find  per- 
sons who  will  look  after  this  refuse  and  see  that  it  is  properly  covered  has 
caused  the  Board  considerable  trouble.  We  suggest  that  the  town  set  aside 
a  place  to  be  used  as  a  dump  in  case  there  were  no  individuals  who  cared 
to  take  it. 

We  suggest  that  our  town  should  employ  a  health  officer  to  investigate 
nuisances,  post  notices,  inspect  meat,  milk  and  water,  attend  to  the  fumi- 
gating of  all  places  where  infection  exists,  and  who  would  be  in  many  waya 
of  great  service  and  value. 

Marlborough. 

In  parts  of  our  city  where  the  health  of  our  citizens  was  in  danger,  and 
along  the  banks  of  brooks,  during  the  past  two  years,  this  Board  through 
its  agent  has  enforced  connections  with  the  public  sewer  under  the  powers 
granted  in  the  Public  Statutes,  chapter  132  of  the  Acts  of  1890.  The 
agent  of  the  Board  reports  that  two  hundred  and  sixty-seven  buildings 
have  been  plumbed ;  one  hundred  and  fifty-one  cases  where  alterations  or 
additions  have  been  made  in  the  plumbing ;  making  a  total  of  four  hundred 
and  eighteen  inspected  and  approved  by  him.  It  is  evident  from  the  num- 
ber of  inspections  made  that  the  people  are  mindful  of  the  economic  and 
sanitary  advantages  of  the  public  sewer.  The  enforcement  of  our  regula- 
tions governing  plumbing  worked  to  the  advantage  of  all. 

Many  nuisances  that  have  been  a  bugbear  to  every  Board  of  Health  for 
years  past  have  disappeared  entirely  since  the  house  drainage  in  these  lo-^ 
calities  has  been  conducted  to  the  sewer.  Cards  calling  attention  to  the 
regulation  restraining  persons  from  making  the  vacant  land  of  the  city  a 
nuisance,  were  posted  wherever  there  seemed  to  be  a  cause  of  complaint. 

In  August  a  case  of  rabies  appeared  in  town.  A  dog  with  a  disease  of 
doubtful  diagnosis  was  killed  by  the  police.    The  mayor  with  a  representa* 
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tive  of  the  Board  of  Health  agreed  to  request  Dr.  Ernst  of  the  Harvard 
Medical  School  to  decide  by  inoculation  experiment  whether  the  disease  of 
the  supposed  mad  dog  was  actually  hydrophobia.  The  result  of  the  exper- 
iments proved  that  the  dog  was  afflicted  with  the  genuine  disease,  and 
proved  the  wisdom  of  muzzling  all  the  city  dogs.  No  more  cases  appeared 
though  several  dogs  were  said  to  have  been  bitten  by  the  diseased  dog. 

Maynard. 

The  Board  has  encountered  a  greater  obstacle  in  trying  to  educate  a  cer- 
tain class  of  people  to  understand  that  it  is  necessary  to  flag  a  house  where 
there  is  scarlet  fever  and  cause  the  flag  to  remain  displayed  for  a  proper 
and  legal  length  of  time.  They  also  have  seemed  to  think  they  were  doing 
the  Board  a  great  favor  by  allowing  the  flag  to  be  attached  to  the  house  at 
all,  and  as  soon  as  the  case  is  able  to  sit  up,  '^  although  then  probably  in 
the  most  contagious  stage,"  display  more  or  less  disposition  to  resent  the 
idea  that  it  is  then  highly  necessary  that  the  quarantine  should  remain 
longer.     This  condition  can  only  be  overcome  by  education. 

Medford. 

Sixty-one  nuisances  have  been  reported  to  this  Board  during  the  year. 
All  have  been  carefully  investigated  and  abated. 

In  each  case  of  diphtheria,  measles,  scarlet  fever  and  typhoid  fever,  the 
clerk  has  notified  the  school  committee  and  librarian  of  the  public  library. 

The  work  on  our  local  sewage  system  should  be  pushed  to  completion  as 
rapidly  as  possible,  so  that  we  may  be  rid  of  that  increasing  and  menac- 
ing danger,  the  saturation  of  the  ground  with  sewage.  Since  the  collection 
of  ashes,  swill  and  garbage  has  been  under  the  direct  care  of  the  city,  and 
the  contract  system  abolished,  the  work  has  been  done  in  a  thorough, 
cleanly  and  efficient  manner,  and  the  results  are  highly  satisfactory  to  tbiB 
Board.  With  the  same  arguments  we  have  used  in  the  past,  in  favor  of 
the  collection  by  the  city  of  ashes  and  swill,  we  would  now  earnestly  rec- 
ommend that  night-soil  be  collected  in  the  same  manner. 

Melrose. 

More  than  one  hundred  and  flfty  nuisances  and  complaints  have  received 
attention  from  the  Board.  The  sources  of  nuisance  or  complaint  have 
most  frequently  been  neglected  cesspools  and  offensive  privies,  hot  also 
imperfect  traps,  or  total  absence  of  them,  and  defective  sink  drains. 

The  former  method  of  return  to  school  by  children  recently  recovered 
from  contagious  diseases,  has  been  by  permits  given  by  the  Board,  based 
upon  the  attending  physician's  certiflcate  of  recovery.  Bat  Uiat  metbod 
having  often  proved  troublesome  to  parents,  a  more  direct  pUo  is  now  es- 
ployedy  of  permits,  based  as  above,  bat  issaed  by  Um  ohief  ot  potteef  as 
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agent  of  the  Board  of  Health ;  so  that  the  same  officer,  who  by  order  of  the 
Board,  removes  the  card,  also  issues  the  permit  to  return  to  school. 

Last  spring,  in  consequence  of  the  threatened  invasion  of  cholera,  we 
institated  a  thorough  inspection,  by  a  special  police  officer,  of  the  entire 
central  part  of  the  village.  He  inspected  carefully  every  yard,  and  when- 
ever any  clearing  up  was  found  necessary,  he  left  in  the  hands  of  the  resi- 
dent a  plainly  printed  notice,  specifying  the  work  to  be  done,  and  the  time 
within  which  it  must  be  done,  —  usually  five  days.  This  course  of  inspec- 
tion was  faithfully  performed,  and  we  believe  much  good  was  done  by  it, 
often  cutting  short  a  nuisance  which  would  soon  have  become  serious. 
This  work  of  spring  inspection  has  been  done  now  for  two  years,  and  the 
influence  has  been  so  salutary,  that  it  may  become  necessary  to  establish  it 
as  a  permanent  line  of  sanitary  action. 

The  passage  by  the  last  Legislature  of  Act  477,  ^'  relative  to  the  licensing 
of  plumbers,  and  the  supervision  of  plumbing,"  has  received  the  required 
attention  from  us.  In  compliance  with  section  3  of  said  act,  requiring  the 
Board  of  Health  to  appoint  the  third  member  of  the  board  of  examiners  of 
plumbers,  we  appointed  to  that  position  a  gentleman  well  versed  in  both  the 
science  and  practice  of  house  sanitation  and  plumbing.  In  accordance 
with  the  requirement  of  section  5,  that  the  Board  appoint  an  inspector  of 
plumbing,  we  appointed  the  same  gentleman  to  this  office,  which  is  in  fact 
a  dependency  of  the  former  position. 

MiLFORD. 

We  report  but  one  fatal  case  of  diphtheria,  and  the  circumstances  con- 
nected with  it  demand  recognition  in  this  report.  The  physician  in  attend- 
ance could  not  have  recognized  the  character  of  the  case  in  its  incipient 
stages,  or  there  was  great  remissness  in  reporting  it  to  the  Board  of  Health. 
He  was  prosecuted  for  neglect  of  professional  duty,  under  the  statute.  The 
case  was  "  placed  on  file."  We  believe  the  prosecution  was  demanded,  and 
will  result  in  much  better  protection  of  the  town  against  contagious  diseases. 

A  thorough  and  free  vaccination  of  the  unprotected  has  been  carried  out. 
The  Board  has  vaccinated  about  eight  hundred,  and  protection  according  to 
the  statute  has  been  more  thorough  than  ever  before. 

It  may  be  well  again  to  make  mention  of  the  great  importance  of  a  sys- 
tem of  general  sewerage  of  the  town  of  Milford.  Increased  population, 
health  and  wealth  will  be  the  result.  Without  it,  any  great  progress  is  im- 
poBsible. 

MlLLBURY. 

The  cases  of  diphtheria  were  very  widely  separated  and,  with  one  excep- 
tion, away  from  the  d^ensely  settled  part  of  the  town.  The  causes  were 
generally  not  well  defined,  though  in  some  cases  bad  house  drainage  seemed 
probably  responsible.  Communication  from  a  previous  case  was  plain*  in 
two  instances,  one  case  soon  following  another  in  the  same  family. 
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The  cases  of  scarlet  fever  were  also  widely  separated  as  to  families 
affected,  and  there  has  not  been  a  general  epidemic,  all  the  cases  having 
occurred  in  but  six  different  houses. 

The  occurrence  of  five  cases  of  typhoid  fever  on  one  street  and  within  a 
short  radius  would  seem  to  imply  some  local  contamination,  but  no  obtain- 
able evidence  could  satisfactorily  explain  the  origin  of  the  disease.  Chem- 
ical examination  of  well  waters  furnished  little  light,  but  since  the  disease 
is  generally  believed  to  be  of  bacterial  origin,  it  might  well  happen  that  a 
chemical  analysis  would  give  entirely  negative  results.  The  milk  supply 
theory  did  not  apply,  since  there  was  not  a  common  supply  in  the  different 
affected  families,  nor  was  any  disease  known  on  the  premises  from  which 
the  several  supplies  came.  Without  attempting  to  show  any  connection  be- 
tween the  facts,  it  may  be  stated  that  fourteen  of  the  cases  were  compara- 
tively near  the  river,  eight  of  them  being  very  near.  A  very  extensive 
epidemic  of  measles  occurred  in  the  autumn. 

It  is  well  for  people  everywhere  to  know  that  it  is  now  believed  by  the 
highest  medical  authorities  that  consumption  is  to  a  very  considerable  de- 
gree communicable  from  person  to  person,  and  that  the  germs  abound  in 
matter  expectorated  in  coughing ;  that  constant  care  should  be  taken  to 
disinfect  and  destroy  such  discharges,  and  especially  that  the  common  habit 
of  promiscuous  spitting  should  be  avoided.  Matters  so  scattered,  by  dry- 
ing, become  converted  into  dust,  and,  in  this  form,  are  widely  scattered  to 
be  inhaled  by  others,  and  since  the  germs  are  extremely  tenacious  of  life, 
the  seeds  of  the  dire  disease  are  widely  sown. 

It  cannot  be  doubted  that  such  precautions  as  are  above  described  wooldf 
if  generally  adopted  everywhere,  have  a  marked  effect  in  diminishing  the 
frequency  of  consumption. 

During  the  year  two  cases  of  glanders  in  horses  have  been  reported  to 
the  Board  by  the  inspector  of  cattle.  Both  animals  were  subseqoeDtlj 
condemned  by  the  State  Cattle  Commissioners  and  killed  by  their  order. 

Nantucket. 

The  Board  made  investigation  of  many  nuisances  reported,  and  believes 
that  the  town  has  been  kept  in  an  improved  sanitary  condition  in  conse- 
quence of  a  general  interest  manifested  by  all  good  citizens,  to  live  up  to  the 
best  ideal  of  proper  sanitary  safeguards.  As  a  result  of  such  oare  and  E^ 
tention,  no  contagious  disease  of  any  kind  has  been  reported  to  the  Board 
during  the  year  as  originating  at  Nantucket. 

Needhah. 

The  health  of  our  town  and  its  freedom  from  any  AeriouB  epideailc  of  io* 
fectious  and  contagious  disease  (except  that  of  ^^hoid  fever)  during  the 
past  year  is  a  matter  of  sincere  congratalation. 

What  will  BooTi  be  Te(\a\i^  as  the  town  progreeMS,  to  pot  «  in  » 
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thorough  sanitary  condition,  will  be  a  general  system  of  sewerage,  which 
the  introduction  of  a  public  water  supply  generally  demands. 

Your  health  officer  lias  made  one  hundred  visits  of  inspection  and  exam« 
ination,  visiting  sixty  places  where  complaints  have  been  made.  Fewer 
petty  complaints  have  been  made  than  in  previous  years. 

Fewer  swine  have  been  kept  in  the  thickly  settled  portions  of  the  town 
than  in  former  years.  Some  piggeries  have  been  entirely  abandoned.  In  a 
few  cases,  as  a  last  resort,  the  Board  appealed  to  the  court  to  enforce  its 
orders. 

New  Bedford. 

The  Board  acting  under  authority  of  Public  Statute,  chapter  80,  section 
24,  vacated  houses  on  Turner's  court  known  as  Holy  Acre.  This  act  the 
Board  regards  as  one  of  the  most  important  taken  during  the  year.  The 
statute  places  the  entire  responsibility  on  the  Board.  The  houses  in  ques- 
tion were  so  low  that  it  was  impossible  to  drain  them,  and  it  seems  unfor- 
tunate that  there  are  no  means  of  preventing  building  or  moving  houses 
already  built  to  such  locations.  In  every  gi*owing  city,  building  is  contin- 
ually oul^rowing  the  drainage  system.  But  for  such  buildings  drainage 
can  be  supplied  before  they  are  occupied.  The  policy  of  the  Board  has 
been  and  will  be  to  vacate  all  such  tenements  at  the  first  sign  they  give  of 
danger  to  the  public  health.  The  Board  would  recommend  that  action  be 
taken  on  the  proposed  building  rule  establishing  the  height  of  cellar  floors 
above  high  water.  The  nuisance  caused  by  privies  is  being  rapidly  abated, 
^hen  such  a  nuisance  occurs  on  the  line  of  a  sewer. 

All  garbage  is  ploughed  in  daily,  and  when  about  one  acre  is  covered  a 
quickly  growing  crop  is  planted,  and  in  a  surprisingly  short  time,  on  dig- 
ging down,  no  garbage  can  be  found.  Thus  the  essential  condition  for 
rapid  decomposition  in  the  earth  is  attained,  namely,  superficial  burial. 
The  objection  to  superficial  burial  is  that  the  burial  products  may  more 
readily  become  exposed  and  so  cause  nuisance,  or,  by  drying,  blow  about, 
and  under  proper  conditions  cause  disease.  This  objection  is  met  by  the 
facts  that  the  material  buried  is  not  of  such  a  character  as  frequently  con- 
tains disease  germs,  and  the  moist  and  heavy  condition  of  the  soil  is  such 
that  it  is  seldom  dry  except  upon  the  surface.  The  farm  is  remote  from 
any  source  of  water  supply.  So  far  the  method  is  satisfactory  in  all 
respects.  The  material  is  thus  utilized  as  a  fertilizer,  which  is  its  only 
value,  as  the  cost  of  extracting  the  fat,  the  only  constituent  of  value, 
would  more  than  counterbalance  the  estimated  return. 

The  Board  voted  to  inspect  the  sanitary  condition  in  respect  to  drainage 
of  the  various  school  houses  in  the  city.  All,  with  the  exception  of  one,, 
were  found  in  good  condition.  The  school  committee  were  notified  of  the 
condition  of  this  school. 

Number  of  inspections  made  during  the  year,        ....    2,364 
Number  of  plumbing  inspections  made, ......    1,650 
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The  Board  investigated  an  epidemic  of  typhoid  fever  which  occarred  in 
the  last  half  of  the  year,  embracing  201  cases  in  all.  No  satisfactory  con- 
elusions  were  reached  which  would  account  for  the  epidemic  as  a  whole, 
though  suspicion  pointed  strongly  to  the  existence  of  infection  upon  a 
small  island  in  the  harbor  which  many  of  the  persons  attacked  had  visited 
during  the  period  of  epidemic. 

The  Board  amended  its  quarantine  regulations  and  publishes  them  in 
full  in  its  report. 

Newburtport. 

There  has  been  a  great  falling  off  of  cases  of  diphtheria  and  scarlet 
fever  from  the  previous  year,  but  a  large  increase  of  cases  of  typhoid  fever. 
Rules  and  regulations  relating  to  plumbing  were  adopted  by  the  Board. 

Newton. 

The  general  health  of  the  city  has  been  good,  and  barring  slight  oat- 
breaks  of  diphtheria  in  the  early  spring  and  fall,  and  an  epidemic  of 
measles  in  the  early  summer,  would  have  been  deemed  excellent. 

The  contagious  wards  at  the  hospital  have  been  found  very  useful  doring 
the  year ;  the  early  removal  of  patients  to  them  having  greatly  aided  the 
Board  in  preventing  the  spread  of  disease.  The  wards  have  been  in  almost 
continuous  use  during  the  year,  sixty-two  cases  having  been  admitted. 
The  cases  were  divided  as  follows, — scarlet  fever,  fifteen;  diphtheria, 
twenty-eight;  measles,  nineteen. 

The  Board  authorized  free  vaccination  to  all  comers  in  the  several 
villages. 

North  Andover. 

As  a  matter  relating  to  public  health,  we  think  the  attention  of  con- 
sumers of  milk  should  be  called  to  the  fact  that  most  of  the  herds  supplying 
milk  in  this  town  are  not  allowed  any  exercise  at  all,  but  are  tied  up  by  the 
neck  from  November  till  May  in  badly  ventilated  barns,  and  never  taroed 
out  of  doors. 

We  recommend  the  purchase  of  one  of  the  odorless  pumps,  and  that  its 
use  be  made  compulsory  in  the  village  whenever  vaults  or  cesspools  are 
cleaned  during  the  day. 

We  find  occasionally  a  person  who  is  willing  to  allow  his  vault  to  ove^ 
flow  his  neighbor's  land.  Such  need  the  stimulating  effect  of  the  sharp 
end  of  the  law. 

North  Attleborough. 

The  failure  of  people  to  submit  to  the  guidance  of  any  fixed  rales  for 
observance  in  trying  to  prevent  the  spread  of  any  infectioiM  disease  is 
often  due  to  thoughtlessness  rather  than  to  a  desire  to  thwart  the  benefieisl 
effects  of  such  rules.    It  often  requires  the  ezperienee  of  ma  vplUimak^ 
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teach  the  pnblio  that  there  are  certain  rules  and  regulations  which  must  be 
strictly  observed. 

There  has  been  a  marked  decrease  in  the  number  of  cases  of  diseases  of 
a  contagious  character  reported  during  the  past  year. 

Orange. 

With  the  opening  of  the  season  the  Board  recognized  the  need  of  removal 
of  ^' waste,  filth  and  house  dirt,"  and  engaged  a  scavenger  who  gave  two 
days  each  week  to  the  collection  of  rubbish  and  garbage  on  the  principal 
streets  of  the  village  during  the  heated  season,  with  the  result  that  never 
before  in  the  history  of  Orange  was  the  town  in  as  sanitary  a  condition. 

The  Board  has  investigated  one  hundred  sources  of  filth  and  offence. 
The  members,  individually,  have  investigated  many  others. 

The  Board  of  Health  would  urgently  request  parents  to  investigate  the 
subject  of  *' vaccination"  thoroughly,  that  they  may  intelligently  act  re- 
garding it. 

The  bodies  of  five  dead  animals  have  been  buried  by  the  Board.  Animals 
infected  with  tuberculosis  have  been  condemned.  Herds  have  been  in- 
spected by  the  Board's  agent.  Horses  with  infectious  diseases  have  been 
cared  for,  and  dogs  killed. 

PiTTSFIELD. 

The  sewage  system,  now  almost  completed,  has  furnished  a  long-needed 
want,  and  the  amount  of  good  obtained  by  the  same  is  immeasurable. 

During  the  year  1893  the  new  ordinance  for  plumbing  necessitated  the 
licensing  of  plumbers  and  drain-layers. 

Number  of  licenses  granted  to  plumbers, 8 

of  licenses  granted  to  drain-layers,    .....  13 

of  plans  of  plumbing  submitted  for  approval,         .        .  253 

approved, 218 

rejected, 35 
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During  the  past  year  the  Board  of  Health  has  been  called  on  to  investi- 
gate four  outbreaks  of  tuberculosis  at  different  farms.  At  one  farm  the 
Board  considered  about  thirty  per  cent,  of  the  cows  affected.  So  far, 
twenty-one  of  them  have  been  slaughtered,  and  of  these  nineteen  have 
been  found  diseased,  while  two  were  found  not  diseased.  At  another  farm 
over  fifty  per  cent,  were  considered  unsound.  Up  to  date  thirteen  have 
been  slaughtered,  and  every  one  has  been  found  diseased.  At  another 
farm  two  cows  have  been  slaughtered,  both  of  which  were  affected.  The 
Board  considers  that  the  chief  cause  of  its  spreading  among  dairy  cows  is 
overcrowding,  deficient  cubic  air  space  and  defective  ventilation.  The 
Board  also  considers  a  more  thorough  State  system  for  regulating  and 
managing  the  disease  should  be  inaugurated. 
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Plymouth, 

Sixty-three  places  have  been  examined  and  nuisances  abated  withoot 
haying  received  any  formal  complaint. 

Nearly  all  of  the  cases  of  scarlet  fever,  typhoid  fever  and  diphtheria 
have  been  traced  by  the  Board  to  imperfect  drainage  and  ventilation. 

After  learning  the  facts  in  the  cases  the  Board  issued  orders  to  those 
families  from  which  cases  were  reported,  and  had  them  enforced ;  and  the 
Board  felt  that  after  the  last  case  was  reported  well,  and  the  places  had 
been  disinfected,  that  there  would  be  no  danger  from  these  sources.  Dur- 
ing this  time  circulars  were  distributed  by  the  Board  throughout  the  town 
giving  instructions  what  to  do  in  case  of  diphtheria. 

In  accordance  with  the  Acts  of  1893,  chapter  477,  the  Board  has  ap- 
pointed inspectors  of  plumbing,  and,  at  the  request  of  the  selectmen,  pre- 
pared a  list  of  by-laws,  and  presented  them  to  the  town  for  adoption. 

QuiNcr. 

Your  Board  strongly  recommends  that  plumbing  regulations  or  ordinances 
be  enacted  by  the  council  as  a  matter  of  safety  to  the  public  health.  The 
inspector  is  powerless  without  them  in  many  cases.  The  brooks  have  been 
thoroughly  cleaned  under  the  direction  of  the  inspector,  and  the  Board  has 
every  reason  to  believe  that  the  work  has  been  economically,  thoroughly 
and  conscientiously  done.  The  physicians  are  negligent  in  their  duty  of 
reporting  contagious  diseases,  and  until  they  are  brought  up  to  the  law  the 
same  state  of  affairs  will  exist. 

Number  of  nuisances  discovered,  806  ;  number  abated,  298. 

Reading. 

There  have  been  twenty-one  nuisances  investigated,  and  all  cases  except 
two  have  been  abated  by  owner  or  occupant.  One  of  these  was  abated  by 
the  Board,  and  the  owner  paid  the  bill.  The  other  one  will  be  attended  to 
before  the  premises  are  occupied. 

Revere. 

The  town  has  been  favored  with  a  freedom  from  contagion  to  an  extent 
to  be  a  matter  of  satisfaction  to  the  citizens  within  the  last  twelve  months. 
Scarlet  fever  showed  itself  the  latter  part  of  the  year.  The  prompt  and 
stringent  requirements  of  the  Board  have  done  much  to  prevent  it  being 
spread  over  the  town. 

Rockland. 

We  have  had  one  case  of  glanders  reported  during  the  year,  and  the 
Cattle  Commissioners  ordered  the  horse  killed,  which  was  done. 

One  of  the  vital  questions  for  the  people  of  this  town  is  that  of  sewage. 
While  in  our  present  financial  condition,  any  general  Byatein  for  tbe  tofvi 
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to  adopt  would  be  too  expensive,  yet  there  is  a  very  simple  and  effective 
way  of  disposing  of  sewage  that  could  be  adopted  by  individual  families. 
The  plan  is  to  have  the  sewage  pass  through  an  underground  drain  with 
branches  in  all  directions,  the  drains  to  be  constructed  of  broken  drain- 
pipe, stones  or  anything  that  will  allow  the  sewage  to  pass  into  the  ground 
at  short  intervals. 

Saxeh. 

In  the  month  of  February  a  sharp  outbreak  of  diphtheria  occurred  near 
the  cotton  mills.  The  type  of  the  disease  was  very  serious  and  vigorous 
measures  were  employed  to  combat  it.  Houses  were  guarded  night  and  day 
by  police  officers,  thus  stopping  one  of  the  chief  sources  for  spreading  the 
disease.  Everything  possible  was  done  for  the  sick  and  for  the  afflicted 
families. 

Though  some  cases  of  scarlet  fever  were  severe,  only  one  proved  fatal. 
The  type  has  generally  been  mUd.  We  note  with  satisfaction  the  marked 
-decrease  each  year  for  the  past  three  years  in  the  number  of  cases  of  this 
dangerous  malady. 

The  type  of  typhoid  fever  was  severe  and  active  search  for  the  cause  was 
made  by  this  Board,  milk  being  particularly  looked  after.  Visits  to  each 
house  were  made,  also  to  shops  where  milk  was  sold,  and  the  milkmen, 
their  farms,  the  cattle,  the  sources  of  water  supply  of  the  cattle.  The 
fault  could  not  be  traced  to  the  milk. 

The  work  of  collecting  the  ashes  and  rubbish  the  past  two  months  has 

been  done  in  a  very  satisfactory  manner.     Eight  thousand  one  hundred  and 

-seventy-two  loads  have  been  collected.     This  is  an  increase  of  over  1,400 

loads  more  than  in  1892.     These  ashes  have  been  used  to  fill  up  unsightly 

and  often  unhealthy  places  in  our  city. 

Saugus. 

The  Board  made  personal  investigation  of  a  number  of  reported  nui- 
sances, and  on  their  tour  found  much  work  to  be  done  in  regard  to  neg- 
lected privies  and  vaults.  These  cases  were  reported  to  the  owners,  and  in 
the  majority  of  cases  were  looked  after  in  a  satisfactory  manner.  Our  in- 
spector also  found  many  places  where  sinks  were  not  secured  by  traps, 
which  allows  of  all  gases  arising  from  contents  of  cesspools  to  fiow  back 
into  the  rooms  occupied  by  the  residents.  This  should  not  be  allowed,  and 
the  Board  has  obliged  owners  to  correct  these  troubles  so  far  as  its  knowl- 
edge of  them  is  concerned. 

Perfect  cleanliness  of  dwellings  and  surroundings  is  what  will  insure 
good  health  and  is  of  the  utmost  importance,  as  by  its  strict  observance  the 
-air  is  not  polluted  and  germs  of  disease  find  no  lurking  places. 

The  Board  publishes  a  very  full  and  complete  set  of  regulations  includ. 
ing  practical  instructions  relative  to  disinfection. 
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Springfield. 

There  is  no  unusual  epidemic  of  infectious  diseases  to  be  noted  in  the 
year  1893.  Scarlet  fever  was  more  abundant  and  diphtheria  and  typhoid 
fever  less  abundant  than  in  1892.  The  number  of  deaths  from  the  principal 
infectious  diseases  were  seventy-six,  against  one  hundred  and  twenty-one 
in  1892. 

Two  cases  of  small-pox  were  reported  in  February  and  March,  one  of 
which  proved  fatal.  The  second  case  was  evidently  caused  by  infection 
from  the  first,  but  the  source  of  the  original  contagion  could  not  be  ascer- 
tained.    There  was  no  further  spread  of  the  disease. 

This  department  has  been  strengthened  by  the  adoption  of  an  ordinance 
regulating  plumbing  and  by  the  appointment  of  an  inspector  of  plumbing. 
New  work  must  now  be  done  in  a  proper  manner  and  old  work  will  be 
gradually  improved  as  is  found  necessary  from  time  to  time  until  our  build- 
ings shall  all  be  properly  drained. 

Glanders  have  existed  to  some  extent  among  horses,  eight  cases  being 
reported  to  the  State  Commissioners  and  by  them  condemned,  ordered 
killed,  and  the  premises  cared  for  and  made  free  from  contagious  infection. 

SWAMPSCOTT. 

During  the  past  year  we  have  received  and  investigated  all  complaints 
brought  to  our  notice. 

The  beaches  were  cleaned  up  thoroughly  the  first  of  the  season ;  after- 
wards some  person  or  persons  saw  fit  to  dump  rubbish  thereon^  which  put  of 
to  some  extra  expense  to  clean  it  up  again,  when  they  might  have  carried 
it  to  the  dump. 

Taunton. 

The  Board  severely  criticises  the  sanitary  condition  of  the  Central  Pblice 
Station  of  the  city. 

Some  time  Taunton.must  have  a  comprehensive  system  of  sewerage  whicb 
will  do  away  with  Mill  River  and  Cobb  Brook  and  numerous  other 
smaller  nuisances.  How  much  of  the  money  spent  on  snoaU  sewers  will  be 
a  dead  loss  when  the  general  system  is  adopted  ? 

The  city  has  been  remarkably  free  from  diphtheria  and  typhoid  fever. 
The  scarlet  fever  epidemic  continued  through  the  first  half  of  the  year,  bat 
since  then  has  gradually  abated  until  the  year  closes  without  a  single  case 
on  the  books.  An  extensive  epidemic  of  measles  was  experieooed  in  the 
spring  and  early  summer.  The  exact  number  of  cases  cannot  be  given. 
We  would  recommend  that  the  old  ambulance  be  put  into  repair  and  pot 
under  control  of  this  Board,  to  be  used  in  conveying  persoas  sick  with  eon* 
tagious  diseases. 
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Wakefield. 

We  have  had  no  epidemic.  The  general  complaints  of  nuisances  have 
been  few  and  soon  abated,  and  the  more  important  ones  have  caused  us 
little  trouble.  Our  formal  meetings  have  been  few,  but  all  that  were  neces- 
sary, as  the  members  of  the  Board  met  almost  daily  and  the  business  was 
often  informally  discussed  and  disposed  of.  We  have  done  nothing  toward 
abating  our  permanent  nuisances  this  year,  as  we  have  concurred  with  the 
opinion  of  past  Boards  that  the  expense  of  the  attempted  improvement 
would  far  outweigh  the  very  doubtful  benefit.  There  is  but  one  way  to  rid 
the  town  of  these  unsavory  and  unsightly  spots,  and  that  is  by  a  proper 
sewerage  system. 

During  the  session  of  1893  the  Massachusetts  Legislature  passed  a  law 
governing  the  business  of  plumbing  in  cities  and  towns  in  the  State.  In 
accordance  with  this  law  we  appointed  a  local  board  of  examiners  of 
plumbers. 

Waltham. 

A  request  by  the  Boston  Manufacturing  Company  to  remove  some  cases 
from  corporation  tenements  compelled  the  Board  to  make  provision  for  the 
treatment  and  care  of  scarlet  fever  patients,  and,  at  first,  quarters  were 
engaged  in  the  Newton  Cottage  Hospital ;  but  the  number  of  cases  increased 
BO  rapidly  that  the  Board  deemed  it  more  convenient  and  economical  to  pro- 
cure a  house  somewhere  in  the  city  for  temporary  use  as  a  contagious 
hospital.  The  result  was  that  the  house  No.  255  South  Street  was  taken 
for  that  purpose,  and  a  house-keeper  and  a  nurse  were  procured  to  take 
charge  of  cases  carried  there.  This  house  was  maintained  as  a  hospital 
from  March  14  to  May  15  and  proved  ample  to  accommodate  all  cases  of 
children  sick  with  scarlet  fever  whom  it  was  desirable  to  remove.  On  one 
occasion,  a  mother  and  child  were  furnished  with  board  and  room  while 
the  child  was  under  treatment  for  the  disease.  We  believe  that  the  prompt 
removal  of  cases  of  scarlet  fever  to  a  contagious  hospital,  well  equipped, 
and  managed  by  the  Board  of  Health,  will  greatly  diminish  the  danger  of 
the  spread  of  this  disease.  So  positive  does  the  Board  feel  of  this  propo- 
sition that  it  thinks  it  may  safely  say  that  a  contagious  hospital  would 
have  prevented  all  but  say  twenty  cases  of  the  three  hundred  and  eighty 
reported  during  the  last  two  years. 

Before  the  schools  closed   in  June  the  disease  was  fully  eradicated. 

Since  that  time  cases  have  only  occasioually  appeared.  During  the 
year,  one  hundred  and  thirty-two  cases  altogether  have  been  reported,  as 
against  two  hundred  and  fifty-four  cases  in  1892. 

Diphtheria,  of  all  diseases,  is  the  most  treacherous,  deceiving  even  the 
experienced  physician.  One  day  apparently  mild,  the  next  it  has  its 
victim  so  firmly  clutched  by  the  throat  that  the  most  skilful  treatment  is  of 
no  avail.     When  once  the  deadly  character  of  this  disease  is  appreciated, 
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the  public  will  insist  upon  the  use  of  as  radical  measures  to  prevent  its 
increase  as  are  now  employed  to  prevent  the  spread  of  small-pox,  and  we 
believe  that  such  measures  would  go  far  to  stamp  it  out.  In  Massachu- 
setts, during  the  year  1892,  there  were  two  deaths  from  small-pox,  while 
there  were  nine  hundred  and  twenty-eight  from  diphtheria.  In  the  whole 
United  States,  omitting  North  Dakota,  it  is  reported  that,  in  the  same 
year,  there  were  only  one  hundred  and  six  deaths  from  small-pox.  This 
shows  that  there  were  in  1892  only  one-ninth  as  many  deaths  from  small- 
pox in  the  United  States  as  there  were  from  diphtheria  in  the  State  of 
Massachusetts  alone. 

Several  cases  are  detailed  in  the  report,  illustrating  the  value  of  isolation 
and  removal  to  a  hospital  provided  for  contagious  diseases.  It  is  almost 
needless  to  say  that  no  effectual  isolation  can  be  made  in  all  instances 
without  a  contagious  hospital  to  which  patients  may  be  promptly  removed, 
and  it  is  as  a  means  by  which  to  effect  absolute  isolation  of  these  danger- 
ous cases  that  the  hospital  now  nearly  finished  will  demonstrate  its  greatest 
value  to  the  city. 

We  wish  at  this  point  to  call  attention  to  a  matter  which  to  many  may 
appear  trivial,  but  should  not  be  overlooked  by  those  seeking  out  the 
methods  by  which  disease  is  propagated.  Upon  a  visit  of  our  Board  to  the 
public  schools  we  found  a  custom  prevailing  in  many  of  them  of  collecting 
the  children's  pencils  at  night  and  dealing  them  out  promiscuously  the  next 
morning.  We  believe  that  this  custom  is  a  bad  one ;  and  we  are  pleased 
to  say  that,  on  our  suggestion,  the  superintendent  of  schools  caused  a  rule 
to  be  established  that  each  scholar  should  have  his  own  individual  pencil. 

It  has  long  been  known  that,  upon  reopening  the  schools  after  a  vacation, 
infectious  diseases  seem  to  take  a  fresh  impetus,  and,  on  the  other  handf 
when  the  schools  are  closed,  such  diseases  seem  to  relinquish  their  hold 
upon  the  community.  We  therefore  believe  that  during  the  long  summer 
vacation,  the  school  houses  should  not  only  be  cleaned  in  the  usual  manner, 
but  also  thoroughly  fumigated  and  disinfected  from  top  to  bottom,  and  the 
basements  thoroughly  whitewashed. 

A  contagious  hospital  is  now  being  built,  consisting  of  two  wings  and  a 
dwelling-house,  all  connected  by  long  corridors,  one  wing  being  for  scarlet 
fever  cases  and  one  for  diphtheria  cases,  each  capable  of  accommodating 
ten  patients  ;  and  each  is  so  constructed  that  it  can  at  any  time  be  enlarged 
at  a  comparatively  small  expense,  should  occasion  require. 

Under  the  plumbing  act,  as  it  stands,  a  board  of  examiners  has  been 
organized,  consisting  of  the  present  chairman  of  the  Board  of  Health,  the 
present  inspector  of  buildings,  and  a  practical  plumber  who  was  chosen  hj 
the  Board  of  Health  as  the  third  member. 

The  Board  has  adopted  a  system  of  registering  plumbers  who  were  ii 
business  at  the  time  the  act  took  effect,  that  is,  on  or  before  Joly  10,  IMS. 
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To  each  plnmber  registering  his  name  a  certificate  has  been  issued  certify- 
ing that  he  was  engaged  in  the  business  prior  to  that  date.  These  certifi- 
cates have  proved  of  great  practical  convenience  to  the  plumbers  of  the 
city  who  do  work  in  other  places  by  enabling  them  to  readily  prove  the 
fact  that  they  were  engaged  in  business  prior  to  July  10,  1893,  and  there- 
fore entitled  to  pursue  their  calling  without  a  license. 

Altogether  about  1,100  connections  have  been  made  with  the  public 
sewer.  The  total  estimated  number  of  connections  made  and  to  be  made 
is  2,500. 

Ware. 

A  careful  investigation  of  the  sanitary  condition  of  the  buildings  and 
premises  in  town  was  made  early  in  the  year  by  agents,  who  were  appointed 
for  the  purpose,  and  who  were  furnished  with  printed  blanks  containing 
various  inquiries,  upon  which  they  recorded  their  answers.  At  a  later 
time  a  second  visitation  was  made  by  these  inspectors  where  it  seemed 
desirable  to  the  Board  that  it  should  be  done.  In  this  way  accurate  and 
complete  information  was  secured  as  to  our  sanitary  condition. 

In  compliance  with  an  act  of  the  Legislature  passed  during  the  year,  the 
Board  prepared  a  set  of  by-laws  in  relation  to  plumbers  and  plumbing 
work,  which  were  adopted  by  the  town,  and  which  are  now  operative. 
These  by-laws  require  that  those  who  newly  enter  the  business  of  plumbing 
should  pass  an  examination  and  obtain  a  license,  which  must  be  renewed 
each  year  that  they  continue  in  business.  All  plumbing  work,  except  re- 
pairs of  leaks,  must  be  done  only  after  proper  notice  given  the  Board  of 
Health  or  its  appointed  agents,  and  must  be  approved  by  the  Board  after 
examination  by  an  inspector  of  plumbing  appointed  for  the  purpose. 

Wellesley. 

No  cases  of  typhoid  fever  have  been  reported  to  the  Board  during  the 
year. 

There  have  been  several  instances  in  which  the  advice  of  the  Board  has 
been  sought  in  regard  to  sanitation,  and  in  all  cases  the  suggestions 
made  have  been  readily  complied  with. 

The  Board  would  respectfully  call  to  mind  the  fact  that  householders  are 
required  by  law,  no  less  than  physicians,  to  report  cases  of  contagious 
disease  occurring  within  their  respective  families. 

Westborough. 

In  no  instance  has  the  Board  been  forced  to  resort  to  legal  measures  to 
secure  compliance  with  its  requests. 

The  general  health  of  the  inhabitants  of  the  town  has  been  compara- 
tively good.  There  has  been  no  epidemic  disease,  and  only  four  cases  of 
contagious  disease  dangerous  to  the  public  health  have  been  reported. 
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Westfibld. 
At  the  town  meeting,  held  April  8,  it  was  voted :  — 

That  the  Board  of  Health  is  hereby  instracted  to  compel  persons  owning, 
leasing  or  maintaining  any  building,  to  connect  with  the  public  sewer,  as  pro- 
vided in  chapter  132  of  the  Acts  of  1890,  on  or  before  the  first  day  of  January, 
1896. 

After  mature  deliberation  your  Board  decided  that  the  best  interests  of 
the  public  health  demanded  immediate  action,  and  instructed  its  clerk  to 
formulate  a  notice  for  compulsory  entrance.  Five  hundred  of  these  notices 
were  sent  to  property  owners  on  the  south  side  of  Westfield  River.  En- 
trances were  made  the  entire  season  as  rapidly  as  the  property  owners 
could  secure  attention  from  the  plumbers  and  drain-layers.  Three  hun- 
dred and  fifty-four  sewer  applications  were  made,  representing  the  entrance 
of  three  hundred  and  seventy-one  buildings,  which  includes  five  hundred 
and  eighteen  families,  besides  eight  blocks,  two  churches,  one  school  build- 
ing, three  shops  and  one  stable. 

The  Board  established  certain  limits  in  the  town,  within  which  the  keep- 
ing of  swine  was  prohibited,  and  provided  that  any  and  all  swine,  and  any 
pen  or  other  inclosure  in  which  swine  are  kept,  outside  of  said  districts, 
shall  be  kept  in  a  condition  of  neatness  and  cleanliness  acceptable  to  the 
Board  of  Health. 

Westford. 

The  physicians  were  prompt  in  notifying  the  Board  of  all  infectious  or 
contagious  diseases,  and  where  quarantine  was  established  we  allowed  it  to 
remain  until  the  physician  in  charge  of  the  case  notified  us  that  it  was  un- 
necessary. Disagreeable  as  it  was  to  be  shut  off  from  their  usual  freedom, 
members  of  the  families  where  these  infectious  diseases  prevailed  readily 
complied  with  the  regulations,  and  did  much  to  prevent  the  spread  of  the 
disease.  Householders  do  not  seem  to  understand  that  the  law  requires 
them  as  well  as  physicians  to  notify  the  Board  of  Health  if  they  are  know- 
ing of  infectious  or  contagious  disease  within  their  family  or  house.  The 
law  is  very  plain,  and  a  heavy  penalty  is  provided  for  non-complianoe  with 
it.     But  two  householders  have  complied  with  the  law  the  past  year. 

Whitman. 

The  difficulties  arising  from  lack  of  a  sewage  system,  and  the  fact  that  a 
great  deal  of  the  land  in  Whitman  is  so  low  that  deep  cesspools  cannot  be 
dug,  have  been  thoroughly  described  in  preceding  reports,  and  it  is  hoped 
that  at  some  future  time  the  desired  system  may  be  established.  The  feown 
has  not  suffered  from  many  cases  of  contagious  diseases  the  past  year,  bnl 
all  cases  which  have  come  to  our  knowledge  have  been  promp^j  repoilsd 
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to  the  State  Board  of  Health,  entered  on  our  records  and  reported  to  the 
school  committee  according  to  law.  When  necessary,  conspicuous  red 
cards  with  the  name  of  the  disease  in  large  letters  have  been  posted  on  the 
premises  where  an  infectious  disease  was  known  to  exist. 

WiLLIAMSTOWN . 

The  Board  has  attended  to  the  usual  matter  of  nuisances,  which  have 
been  promptly  abated.  In  connection  with  board  of  selectmen,  the  Board 
of  Health  has  assisted  in  the  construction  of  sewers,  an  excellent  advance 
in  this  matter,  and  it  is  hoped  that  the  same  policy  will  be  continued  during 
the  coming  year. 

Winchester. 

The  Board  vaccinated  eighty  scholars,  sixty-one  of  whom  had  never  been 
vaccinated  before.  Some  of  these  had  passed  through  all  but  the  high 
school. 

The  Metropolitan  sewer  is  about  complete  in  Winchester,  and  we  hope 
our  local  system  of  sewers  will  soon  be  commenced  and  that,  in  the  near 
future,  Winchester  will  be  supplied  with  a  complete  system. 

WOBURN. 

During  the  year  over  one  hundred  complaints  were  received,  concerning 
existing  nuisances,  and  promptly  attended.  Amoug  the  most  prominent 
was  the  Pantasote  Leather  Company  nuisance,  which  had  been*  a  cause  of 
complaint  for  several  years,  not  only  by  the  citizens  of  our  own  city,  but 
also  by  the  citizens  of  the  neighboring  towns  of  Reading,  Stoneham,  Wil- 
mington, Wakefield  and  Winchester.  After  a  thorough  investigation  by 
the  Board,  they  ordered  the  premises  closed  until  the  proper  machinery 
could  be  introduced  to  abate  the  nuisance.  The  works  have  not  started 
again,  as  yet,  nor  will  they  be  allowed  to  until  all  semblance  of  a  nuisance 
has  been  abated.  A  number  of  complaints  were  also  received  from  the  in- 
spectors of  the  Boston  Water  Board  and  received  prompt  attention. 

Worcester. 

Number  of  complaints  for  the  year  ending  Dec.  31, 1893, 1,713.  Rooms 
fumigated,  448. 

There  were  three  successful  prosecutions  by  the  Board  during  the  year, 
viz.,  one  for  keeping  pigs  without  a  license,  one  under  the  law  regulating 
contagious  diseases  among  domestic  animals,  one  for  doing  plumbing  work 
without  a  license. 

Twelve  houses,  containing  thirty-five  tenements,  were  vacated  on  account 
of  bad  sanitary  condition. 

The  general  sanitary  condition  of  the  city  through  the  year  was  good. 
There  was  a  slight  increase  in  the  number  of  deaths  over  the  previous  year. 
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Special  efforts  were  made  daring  the  summer  months  to  thoroughly  clean 
the  city  in  anticipation  of  an  invasion  of  cholera,  but  owing  to  the  effective 
national  quarantine  maintained  by  the  general  government  its  entrance  was 
prevented.  As  usual,  a  large  number  of  the  cases  of  typhoid  fever  were 
due  to  causes  outside  of  the  city.  It  is  probable  that  several  cases  were 
contracted  at  Chicago  while  visiting  the  Fair.  We  again  call  attention  to 
the  great  necessity  of  a  hospital  for  the  care  of  contagious  diseases.  The 
need  of  such  an  institution  has  been,  if  possible,  more  forcibly  brought  to 
our  attention  during  the  year  just  closed  by  the  appearance  of  contagious 
diseases  in  several  of  the  institutions  of  our  city  that  are  devoted  to  be- 
nevolent and  charitable  purposes,  thereby  impairing,  if  not  altogether  pre- 
venting, their  usefulness  for  the  time  being. 
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ejectors 600 

Mechanical  disturbance  of  sand  by  escaping,  in  intermittent  water 

filters 467 

Obstruction  to  passage  of  water  by,  in  intermittent  water  filters  .        .  552 
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Numbers  of,  in  sand  of  experimental  water  filters  at  Lawrence  at  dif- 
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IsolatinjL^  hospital  at 706 

Cancer,  mortality  from xxxvli 
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Cochituate  Lake 112 
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Cohasset,  water  supply  of,  examination  of 141 

Consumption  of  water  in 371 

Cold  Spring,  Uxbridge 299 

Cold  Spring  Brook,  Ashland 102 
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Removal  of,  from  Merrimack  River  water  by  Lawrence  city  filter        .  555 
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Hanson,  examination  of  water  from  Maquam  Pond 157 

Hatchet  Brook,  Southbridge 281 

Hatchet  Pond,  Woodstock,  Conn,  (see  Southbridge) 282 

Haverhill,  health  of 763 

Water  supply  of,  examination  of 157 

Crystal  Lake 167 

Kenoza  Lake 168 

Lake  Pentucket 159 

Lake  Saltonstall 158 

Haynes  Reservoir,  Leominster 188 

Hazen,  Allen,  chemical  precipitation  of  sewage  at  World's  Columbian  Ex- 
position, Chicago 595-624 

Head,  eflbct  of  loss  of,  upon  bacterial  purification  of  water  ....  470 

Loss  of,  dally  records 622-629,  638-641 

Loss  of,  in  Lawrence  city  filter 552,  555 

Maximum  loss  of,  in  experimental  water  filters  at  Lawrence         .        .  487 

Heads,  fiow  of  water  through  gravel  stones  with  different    ....  553 

Health  of  towns lii,  741-784 

Certain  infectious  diseases  reported  to  local  boards  of  health,  1893      .  741 

Summary  of,  for  1891,  1892,  1893 744 

Heart  diseases,  mortality  from xxxvli 

Heights  of  water  in  ponds  and  reservoirs : 

Berlin,  Gates  Pond 173 

Brockton,  Salisbury  Brook  Storage  Reservoir 129 

Cambridge,  pond  and  reservoir 136 

Hudson,  Gates  Pond 173 

Lynn,  ponds  and  reservoirs 203 

Maiden,  Medford  and  Melrose 206 

Natick,  Dug  Pond 237 

New  Bedford,  reservoir  and  pond 240 

Norwood,  Buckmaster  Pond 258 

Qulncy,  Storage  Reservoir 269 

Salem  and  Beverly,  Wenham  Lake 277 

Springfield,  Ludlow  Reservoir 289 

Hermitage  Pond,  Worcester 337 

Hingham,  health  of 764 

Hingham  and  Hull,  water  supply  of,  examination  of 159 

Accord  Pond,  Hingham 159 

FuUing  Mill  Pond,  Hingham 161 
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Hinsdale,  Hinsdale  Fire  District,  water  supply  of,  examination  of      .  162 

Hobart's  Pond,  Whitman 825 

Holbrook,  water  supply  of  (see  also  Randolph) 168 

Holyoke,  health  of 765 

MUkof ; 687 

Sewage  disposal  of,  advice  of  the  Board ' .  75 

Water  supply  of,  examination  of 164 

Advice  of  Board 19 

Examination  of  water  from  various  sources  collected  during  an 

Investigation  for  an  additional  water  supply        ....  168 

Whiting  Street  Storage  Reservoir 164 

Wright  and  Ashley  ponds 166 

Honey,  Inspection  of 68S 

Horn  Pond,  Becket  (see  Chester) 187 

Horn  Pond,  Woburn 821 

Hospitals,  isolation,  for  infectious  diseases,  by  S.  W.  Abbott,  M.D.,  Sec- 
retary of  the  Board ^     .        .  691-787 

Reasons  for  their  use 691 

Character  of  accommodation  required 696 

Extent  of  provision 696 

Diseases  which  may  properly  be  treated  In 698 

Possibility  of  spreading  Infection 701 

Conclusions  relative  to  spread  of  small-pox  In  the  neighborhood  of     .  702 

Disinfecting  apparatus 708 

Plan  of  hospital  for  Infectious  diseases  at  Cambridge    ....  706 

Pavilion  for  contagious  diseases  at  Boston  City  Hospital  (plan)  .  707-709 

Hospital  at  State  Primary  School,  Monson 705 

Ealing  Isolation  Hospital,  plan  of 711 

London  Fever  Hospital 710 

Plan  ol 718 

List  of  hospitals  for  Infectious  diseases 713 

Probationary  wards 714 

School  sanatoria 714 

Isolating  wards 714 

Summary 716 

Practice  of  different  countries  In  relation  to 717-787 

Berlin 727-729 

Denmark,  Copenhagen 735-737 

Plan  of  hospital  at 786 

England:  Regulations  as  to  hospitals,  717;  memorandum  of  ambu- 
lances, 720;  rules  for  hospitals  for  Infectious  diseases,  721; 
Instructions  for  nurses,  patients  and  visitors,  721;  statistics 
showing  cost  of  construction  of  hospitals,  722. 

Germany 727 

Glasgow 72S-727 

Paris 780.731 

Sweden 782 

Stockholm <        •        .        .  7SS-785 

Housatonlc  River,  examination  of,  at  New  Lenox 887 

Hudson,  health  of T€8 

W  ater  supply  of,  examination  of l€l 
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Hudson  —  Concluded. 

Water  supply  —  Concluded, 

Gates  Pond,  Berlin 170 

Heights  of  water  In  Gates  Pond 173 

Hull,  water  supply  of  (see  also  Uingl^m) 178 

Hyde  Park,  water  supply  of,  advice  or  Board 20 

Consumption  of  water  in 871 

Hyde  Park  and  Milton,  water  supply  of,  examination  of      .        .        .        .  173 

Faucets 176 

Neponset  River 177 

Tubular  wells 176 

New  tubular  wells 176 

Hydrophobia,  deaths  flrom zli 

Infectious  diseases viii 

Cases  of,  reported  by  local  boards  of  health,  tabular  list      .        .        .  643 

Form  for  report  of 641 

Isolation  hospitals  for  (see  Hospitals) lii,  697-737 

Laws  relating  to xvi 

Notification  of xv 

Reports  of 689 

Influenza xxxix 

Inspection  of  food  and  drugs.     (See  Food  and  Drug  Inspection.) 

Ipswich,  health  of 766 

Examination  of  Dow's  Brook  and  Egypt  River 179 

Ironstone  Brook,  Uxbridge 101 

Isolation  hospitals.     (See  Hospitals.) 

Eenoza  Lake,  Haverhill 158 

Kidney  diseases,  mortality  from xxxvii 

Kingston,  water  supply  of 179 

Advice  of  the  Board 21 

Lakevllle,  examination  of  Long  Pond 179 

Great  Quittacas  Pond 180 

Lard,  Inspection  of 682 

Lateral  filtration,  importance  of,  in  Framingham  sewage  filters  .        .        .  669 

Slight  opportunity  for,  in  experimental  sewage  filters  at  Lawrence      .  421 

Lawrence  Experiment  Station,  detailed  account  of  work  at,  in  1893    .        .  899-541 

Lawrence,  health  of 766 

Typhoid  fever  In  1893-1894,  compared  with  that  of  preceding  years, 

also  with  that  of  other  cities 646,  557 

"Water  supply  of,  examination  of 181 

Advice  of  Board 22 

Consumption  of  water  in 871 

Distributing  reservoir 186 

Filter  of,  and  its  results 642-660 

Flow  of  Merrimack  Klver 186 

Force  main  at  pumping  station 183 

Merrimack  River  at,  analyses  of  water  of  .        .       182,  489,  493-496,  630-541 

Tables  of  analyses 630-541 

Use  of  unfiltered  river  water  drawn  from  the  canal  In  some  of  the 

mills,  and  its  relation  to  typhoid  fever 659 
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Lee,  milk  of 688 

Leicester,  sewage  disposal,  advice  of  the  Board 75 

Water  supply  of,  examination  of 187 

Lenox,  sewage  disposal  of 578 

Leominster,  water  supply  of,  examination  of  ^ 188 

Ilaynes  Reservoir 188 

Morse  Reservoir 190 

Lexington,  health  of 766 

Water  supply  of,  examination  of 191 

Advice  of  the  Board 23 

Vine  Brook 192 

Lime  as  a  precipitant  for  sewage,  absorbed  from  cement  conduits  at  Law- 
rence city  filter  by  water,  the  hardness  of  which  was  increased    602,  620 

Lincoln,  water  supply  of,  examination  of  (see  Concord)      ....  192 

Little  Pond,  Bralntree 123 

Little  Quittacas  Pond,  Lakeville 239 

Little  Sandy  Pond,  Pembroke 262 

Little  South  Pond,  Plymouth 264 

Local  diseases,  mortality  from xxxviti 

Longham  Meadow  Brook,  Beverly 277 

Long  Pond,  Lakeville 179 

Lowell,  health  of 767 

Water  supply  of,  examination  of 192 

Advice  of  the  Board 25 

Consumption  of  water  in 371 

Merrimack  River 194 

Tubular  wells 194 

Lower  Reservoir,  Southbrldge 2^ 

Ludlow,  water  supply  of 194 

Ludlow  Reservoir,  Springfield 287 

Lung  diseases,  acute,  weekly  summary  of  deaths 632 

Lynn,  health  of 7C^ 

Water  supply  of,  examination  of 195 

Advice  of  Board 25 

Breed's  Pond 195 

Birch  Pond 197 

Glen  Lewis  Pond 201 

WaldenPond 199 

Depth  of  water  In  ponds  and  reservoirs 203 

Lynn  and  Saugus,  consumption  of  water  in 371 

Mace,  inspection  of •        .        .        .  6S0 

Malarial  fever,  mortality  f^om xxxU 

Weekly  summary  of  deaths 635 

Maiden,  water  supply  of,  examination  of 207 

Consumption  of  water  in 871 

Tubular  wells ^        .        .  J07 

Maiden,  Medford  and  Melrose,  water  supply  of 20S 

Examination  of  water  from  Spot  Pond,  Stoneham        ....  M 

Heights  of  water  in  Spot  Pond 306 

Letter  from  State  Board  of  Health  to  water  boards  of  •        .        •        .  SI 
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Management  of  sewage  filters  to  secure  continuous  efficiency      .        .        .    412-422 

Manchester,  water  supply  of,  examination  of 208 

Couitumptlon  of  water  In 371 

Mansfield,  consumption  of  water  In 371 

Manual  of  health  laws xxill 

Maple  sugar,  Inspection  of 682 

Maple  syrup,  Inspection  of 682 

Maquam  Pond,  examination  of  water 157 

Marblehead,  health  of 769 

Water  supply  of,  examination  of 209 

Consumption  of  water  In 371 

Marlborough,  health  of 769 

Sewage  disposal  of 580 

Water  supply  of,  examination  of 211 

Advice  of  the  Board 28 

Consumption  of  water  In 371 

Lake  Williams 212 

Mlllham  Brook 213 

Material,  new,  addition  of,  to  sewage  filters 420 

Maynard,  health  of 770 

Water  supply  of,  examination ^f 214 

Meadow  Brook,  Mendon  (see  Uxbrldge) 301 

Measles,  mortality  from xlv,  xxxv 

Weekly  summary  of  deaths 634 

Mechanical  analyses,  of  mixtures  of  coarse  and  fine  sand    ....  418 

Of  sand  In  Lawrence  city  filter        ........  492 

Of  sands  used  for  experimental  sewage  filters  at  Lawrence  .        .        .  429 

Of  sand  used  for  experimental  water  filters  at  Lawrence       .        .        .  491 

Medfield,  sewage  disposal  of 586 

Water  supply  of,  examination  of 216 

Medfleld  Insane  Asylum,  water  supply  of,  examination  of  .        .        .        .  215 

Medford,  health  of 770 

Water  supply  of,  examination  of  (see  also  Maiden)       ....  216 

Advice  of  Board            29,  32 

Consumption  of  water  In 371 

Medical  examiners,  returns  of xllv,  xlv 

Meeting-house  Pond,  Westminster 150 

Melrose,  health  of 770 

Water  supply  of,  examination  of  (see  also  Maiden)       ....  218 

Advice  of  Board 34 

Consumption  of  water  In 371 

Ell  Pond 221 

Tubular  wells  near  Ell  Pond 220 

Tubular  wells  In  valley  of  Spot  Pond 219 

Mendon,  water  supply  of 222 

Advice  of  Board 40 

Mendon  Pond,  Mendon  (see  Uxbrldge) 299 

MerrlmHck  River,  examination  of  (see  also  Lawrence  and  Lowell)      .        .  358 

Analyses  of  water  of 181-193 

Analyses  of  water  of,  at  Lawrence  ....       489,  493-495,  530-541 

Flow  of,  at  Lawrence 186. 
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Merrimack  River  —  Concluded. 

Increase  in  the  amount  of  impurities  in  Merrimack  River  water  from 
point  above  Lowell  to  Lawrence,  as  determined  by  regular 

monthly  examination  of  different  years 359 

Table  comparing  the  analyses  above  Lowell  with  those  above  Law- 
rence, 1893 359 

Methuen,  water  supply  of,  examination  of 222 

Advice  of  the  Board 41 

Metropolitan  water  supply xlix 

Micro-organisms.    (See  Bacteria.) 

Middleborough,  consumption  of  water  in 871 

Middleborough  Fire  District,  Middleborough,  water  supply  of,  examina- 
tion of 223 

Middleton,  water  supply  of 223 

Consumption  of  water  in  (see  Danvers) 871 

Milford,  health  of 771 

Milk  ; 

Adulterated 655 

Inspection  of 669 

From  cities,  671 ;  f^om  towns,  671 ;  from  suspected  producers,  672. 

Tables  showing  quality  of,  by  months    .        .  * 673 

Milk,  condensed,  inspection  of 674 

Mill  River,  Deerfleld 145 

Millbury,  health  of 771 

Millham  Brook,  Marlborough 213 

MiUis,  water  supply  of,  examination  of 224 

Aqua  Rex  Spring 224 

Mills,  Hiram  F.,  A.M.,  C.E.,  the  filter  of  the  water  supply  of  the  city  of 

Lawrence  and  its  results 543-560 

MiUviUe,  examination  of  Blackstone  River  at 351 

Milton,  water  supply  of,  examination  of 225 

Consumption  of  water  in 371 

Pine  Tree  Brook 225 

Tubular  test  well  In  valley  of  Pine  Tree  Brook 225 

Mineral  analyses  of  sands  used  for  water  filters  at  Lawrence       ...  433 
Mineral  matter  in  sewage,  chemicals  and  effluents  at  World's  Columbian 

Exposition,  Chicago 623 

Molasses,  inspection  of 68S 

Monson,  Isolating  hospital  at  State  Primary  School 705 

Montague,  consumption  of  water  in 371 

Montague,  Turner's  Falls  Fire  District,  water  supply  of,  examination  of  .  226 

Lake  Pleasant 226 

Morse  Reservoir,  Leominster 190 

Mortality,  summary  of  weekly  reports  of  cities  and  towns  ....  627 

Total  deaths 630 

Deaths  of  children  under  five  years 630 

Acute  lung  diseases 682 

Consumption 631 

DIarrhoeal  diseases 686 

Diphtheria  and  croup €88 

Measles ••  684 
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Mortality  —  Concluded, 

Scarlet  fever 684 

Typhoid  fever 632 

Whooping-coQghi  malarial  fever,  erysipelas,  puerperal  fever  and  small- 
pox           636 

From  all  causes,  and  from  Influenza,  pneumonia,  phthisis,  bronchitis 

and  heart  diseases,  by  months,  for  four  years     ....  zl 

Of  cities xli 

Morton  and  Cooley  brooks,  Chicopee 140 

Mumford  River,  Uzbridge 801 

Mustard,  inspection  of 680 

Mystic  Lake 116 

Nahaot,  water  supply  of  (see  also  Swampscott) 227 

Naniucket,  health  of 772 

Water  supply  of,  examination  of 227 

Comparison  of  examinations  of  water  from  Wannacomet  Water 

Company's  Works,  before  and  after  filtration       ....  231 

Consumption  of  water  in 871 

Wannacomet  Pond 232 

Wannacomet  Pond,  after  filtration 234 

Nashua  River  . 360 

Chemical  examination  of  water  from  North  Branch  of  Nashua  River 

below  Fltchburg 360 

Chemical  exammatlon  of  water  from  South  Branch  of  the  Nashua 

River  at  Clinton 861 

Natick,  water  supply  of,  examination  of 235 

Consumption  of  water  in 371 

Dug  Pond 236 

Heights  of  water  in  Dug  Pond 237 

Needham,  health  of 772 

Water  supply  of,  examination  of 237 

Consumption  of  water  in 371 

Neponset  River  at  Hyde  Park,  examination  of 177 

New  Bedford,  health  of 772 

Water  supply  of,  examination  of 238 

Consumption  of  water  in 871 

Little  Quittacas  Pond,  Lakeville 239 

Heights  of  water  in  pond  and  reservoir 240 

Newburyport,  health  of 774 

Water  supply  of,  examination  of 241 

Advice  of  Board 42 

Consumption  of  water  in 37 1 

Faucet 242 

Reservoir 242 

Tubular  test  wells 243 

Artichoke  River,  West  Newbury 244 

Kewton,  health  of 774 

Water  supply  of,  examination  of 244 

Consumption  of  water  in 371 
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Newton  —  Concluded. 

Water  supply  —  Concluded. 

Distributing  reservoir 246 

Faucet  at  pumping  station 244 

Main  underdrain,  beneatli  Laundry  Brook  valley  sewer         ...  248 

Main  underdraiUi  Cheesecake  Brook  division 247 

Main  underdrain,  Hyde  Brook  division 246 

Nitrification 412,  428,  477-482,  647,  648 

Nitrogen,  contained  in  sand  scraped  from  surfaces  of  water  filters  at  Law- 
rence         486 

Storage  of,  in  experimental  sewage  filters  at  Lawrence        .  411 
Storage  of,  in  experimental  water  filters  at  Lawrence   ....    484,  485 

North  Adams,  milk  of 688 

Northampton,  water  supply  of,  examination  of 249 

North  Andover,  health  of 774 

Water  supply  of,  examination  of 249 

Advice  of  Board 44 

Boston  Brook,  Andover 249 

North  Attleborough,  health  of 774 

Water  supply  of,  examination  of 250 

Consumption  of  water  in 371 

Northbo rough,  water  supply  of,  examination  of 251 

North  Brookfleld,  sewage  disposal,  advice  of  the  Board       .        '.        .        .  80 

Water  supply  of,  examination  of 252 

North  Easton,  water  supply  of 146 

North  Pond,  Orange 261 

North  Reservoir,  Winchester 326 

Norwood,  water  supply  of,  examination  of 254 

Buckmaster  Pond,  Dedham 255 

Consumption  of  water  in 371 

Faucets,  supplied  from  Buckmaster  Pond 257 

Heights  of  water  in  Buckmaster  Pond 258 

Norwood's  Pond,  Beverly 277 

Notification  of  infectious  diseases xv 

Nutmeg,  inspection  of 680 

Ofl*ensive  trades xviil 

Oldham  Pond,  Pembroke 262 

Olive  oil,  inspection  of 683 

Orange,  health  of 775 

Milk  of 688 

Water  supply  of,  examination  of 268 

Coolidge  Brook • 261 

North  Pond 261 

Organic  matter  in  soils,  amount  and  character  of,  by  T.  M.  Drown,  M.D., 

chemist  of  the  Board 885 

Oxygen,  dissolved,  In  Merrimack  River  water  and  effluents  from  water  filters 

at  Lawrence 482 

In  sewage  from  Lawrence  Street  sewer 408 

Presence  of,  in  water,  explanation  of  success  of  coatinaous  flltrmtloD 

of  water  at  Lawrence 479 
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Palmer  Fire  District,  Palmer,  water  supply  of,  examination  of    .        .        .  262 

Peabody ,  water  supply  of,  advice  of  the  Board 44 

Pembroke,  examination  of  water  from  Big  Sandy  Pond       ....  93 

Furnace  Pond 262 

Little  Sandy  Pond 262 

Oldham  Pond 262 

Silver  Lalse 262 

Stetson's  Pond 262 

Pen  tucket  Lake,  Haverhill 159 

Pepper,  inspection  of 681 

Permanency  of  sewage  filters 410 

Directly  dependent  upon  the  treatment  which  they  receive   .        .        .  412 

Of  efficiency  of  water  filters  in  removing  bacteria 466 

Pine  Tree  Brook,  Milton 225 

Pittsfleld,  health  of 775 

Milk  of 687 

Sewage  disposal  of,  advice  of  Board 82 

Pleasant  Lake,  Montague 226 

Ploughing  sewage  filters,  efibct  of 415 

Plymouth,  health  of 776 

Sewage  disposal,  advice  of  the  Board 82 

Water  supply  of,  examination  of 264 

Little  South  Pond 264 

Pneumonia,  mortality  from xxxvi 

Polarite,  eflfect  of,  in  removing  dyestuffs  from  sewage  by  filtration     .        .427,  446 

Analysis  of 427 

Pond  Brook  at  Gardner,  analyses  of  water  above  sewage  filters  .        .        .  576 

Population  of  towns  having  and  not  having  public  water  supplies       .        .  369 

Powow  Hill  Water  Company 95 

Precipitants  employed  In  purification  of  sewage  at  World*s  Columbian 

Exposition 601,  620 

Precipitation,  chemical,  of  sewage  at  Lawrence 405 

Of  sewage  at  World's  Columbian  Exposition 696-624 

Prodigiosus,  Bacillus,  similarity  to  B.  typhi  abdomlnalis  in  its  mode  of  life 

in  river  water  at  Lawrence 453 

Method  of  application  to  water  filters  at  Lawrence        ....  490 
Tables  showing  numbers  in  applied  water  and  in  effluents  from  various 

water  filters  at  Lawrence 493-495 

Prosecutions 669 

Provincetown,  water  supply  of,  examination  of 264 

Puerperal  fever,  weekly  summary  of  deaths 635 

Purification  of  sewage  and  water.     (See  Sewage,  Filtration  of,  and  Water, 
Filtration  of.) 

Quantitative  efficiency,  of  experimental  sewage  filters  at  Lawrence    .        .  409,  424 

Of  experimental  water  filters  at  Lawrence 454 

Quantity,  of  sand  removed  from  sewage  filters  at  Lawrence        .        .     413,  414,  416 

Of  sand  removed  from  water  filters  at  Lawrence  to  relieve  clogging    .  487 

Of  sewage  pumped  at  Framingham 567 

Of  water  yielded  by  filters  between  scrapings  at  Lawrence  .        .        .  487 

Of  water  yielded  by  Lawrence  city  filter 685-541 
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Qulncy,  health  of 776 

Water  supply  of,  ezainination  of 2BS 

Consumption  of  water  in 371 

Heights  of  water  in  storage  reservoir 269 

Storage  reservoir 267 

Town  Brook 266 

Quinebaug  River,  examination  of,  at  Southbridge 36S 

Qutncpoxet  River,  examination  of,  at  Holden 362 

Rainfall,  normal,  in  Massachusetts 872 

At  nine  places  in  Massachusetts,  geographically  selected      .        .        .    873-878 

Raking,  effect  of,  upon  sewage  filters 412,  415 

Randolph  and  Ilolbrook,  water  supply  of,  examination  of  .        .        .        .  270 

Consumption  of  water  in 871 

Great  Pond,  in  Randolph  and  Braintree 270 

Rate  of  filtration,  of  experimental  sewage  filters  at  Lawrence      .        .        .    409,  424 

Of  experimental  water  filters  at  Lawrence 454 

Of  Lawrence  city  filter 531 

Effect  of,  upon  efficiency  of  water  filters 456,  475 

Maximum,  of  flow  of  water  through  materials  studied  at  Lawrence     •  491 

Reading,  health  of 776 

Water  supply  of,  examination  of 270 

Consumption  of  water  in 371 

Registration  of  vital  statistics  (see  Vital  Statistics) xxvii 

Removal  of  bacteria.     (See  Bacteria.) 

Removal  of  organic  matter.     (See  Chemical  Purification.) 

Reservoirs,  storage  of  water  in,  as  affected  by  amount  and  character  of 

organic  matter  in  soils 383 

Resting,  effect  of,  upon  sewage  filters 419 

Revere,  health  of 776 

Revere  and  Winthrop,  water  supply  of,  examination  of       ...        .  271 

Consumption  of  water  in 371 

Tubular  wells  of  Revere  Water  Company  at  Cllftondale,  Saugna  .        .  273 

Rivers,  examination  of 341 

Flow  of  Csee  also  Sudbury  River  and  Merrimack  River)        .        .     186,  879^-382 

Roaring  Brook,  Whately 145 

Rochester,  examination  of  Snipatult  Pond 274 

Rockland,  health  of 776 

Water  supply  of  (see  also  Abington) 274 

Rockport,  water  supply  of,  examination  of 274 

Advice  of  the  Board 45 

Cape  Pond 274 

Routine  work  of  Board litt 

Salem,  health  of 777 

Water  supply  of,  advice  of  the  Board 47 

Consumption  of  water  in •        •        .  871 

Salem  and  Beverly,  water  supply  of,  examination  of 275 

Wenham  Lake,  Beverly  and  Wenham 175 

Heights  of  water  in  Wenham  Lake 177 


INDEX.  803 

PAOB 

Salem  and  Beverly —  Concluded. 

Beaver  Pond,  Beverly 277 

Longham  Meadow  Brook,  Beverly 277 

Norwood's  Pond,  Beverly 277 

Salisbory  Brook,  Brockton    .        .        .        .  / •  .  126 

Salisbury  Brook  Storage  Reservoir 126 

Saltonstall  Lake,  Haverhill 158 

Sand,  bacteria  in,  of  experimental  water  filters  at  Lawrence       .        .        .  484-486 

Depth  of,  effect  upon  efficiency  of  water  filters 461,  476 

Mechanical  analyses  of,  used  in  filters  at  Lawrence        ....  429,  491 

Mineral  analyses  of,  used  in  water  filters  at  Lawrence   ....  483 

Nitrogen  stored  in,  of  sewage  filters  at  Lawrence          .        .        .        .  411 

Nitrogen  stored  in,  of  water  filters  at  Lawrence 484-486 

Quantity  of,  removed  from  sewage  filters  at  Lawrence   to  relieve 

clogging 413,  414,  416 

Quantity   of,  removed    from  water  filters  at    Lawrence  to  relieve 

clogging 487 

Selection  of,  for  Lawrence  city  filter 548 

Size  of,  effect  upon  efficiency  of  water  filters 462,  475 

Sandy  Pond,  Lincoln 142 

Saugus,  health  of 777 

Water  supply  of  (see  also  Lynn) 278 

Saundersville,  Grafton,  water  supply  of,  examination  of      ....  156 

Advice  of  Board 49 

Scarlet  fever,  mortality  from xiv,  xxxv 

Weekly  summary  of  deaths 634 

Scituate,  water  supply  of,  advice  of  the  Board 50 

Examination  of  water  from  tubular  test  well 279 

Scott  Reservoir,  Fitchburg 149 

Scraping,  effect  of,  upon  bacterial  purification  of  water  by  filtration  .        .  462-469 

Effect  of,  upon  sewage  filters 412-415 

Sand  removed  by,  analyses 486 

Water  filters,  summary  of  results 487 

Conclusion 488 

Sedimentation,  purification  of  sewage  by,  at  Lawrence        ....  406 
Unfavorable  conditions  for,  in  the  tanks  of  chemical  precipitation 

plant  at  World's  Columbian  Exposition 610 

Sewage : 

Experiments  upon  filtration  of,  at  the  Lawrence  Experiment  Station    .  401-452 

Character  of  sewage  used  at  the  Experiment  Station         .        .        .  402-409 

Description  and  tables  of  analyses 402 

Comparison  of  sewage  as  pumped  at  station  with  original  sewage  in 

the  sewer 406 

Dissolved  oxygen  in  sewage  from  Lawrence  Street  sewer         .        .  408 
Comparison  of  sewage  applied  to  experimental  filters  with  that  ap- 
plied to  certain  large  filters  in  the  State 409 

Average  purification  of  sewage  by  the  several  filters  in  1893     .        .  409 

Permanency  of  sewage  filters 410 

Per  cent,  of  applied  nitrogen  stored  in  filters  in  1893          .        •        .  411 

Permanency  directly  dependent  upon  treatment 412 

Summary  and  conchisiona 412 


804  INDEX. 


rAoa 


Sewage  —  Continued. 

Experiments  upon  filtration  —  Continued. 

Management  of  filter  to  secore  continuous  efficiency .        .        .        .  412 

Systematic  raking  followed  by  scraping 412 

Systematic  scraping  wlien  necessary,  without  raking        ...  414 

Systematic  scraping  at  regular  intervals,  wlthoat  raking  ...  415 

Systematic  raking  followed  by  ploughing 415 

Trenching 416 

Construction  of  trenches 417 

Resting 419 

Addition  of  new  material 420 

Management  with  regard  to  winter  weather 420 

Summary  and  conclusions 421 

Experiments  upon  the  rapid  filtration  of  sewage  from  which  the 

sludge  has  been  removed  by  different  methods     ....  422 
Removal  of  sludge  by  filtration  through  gravel  with  the  aid  of  a  car- 
rent  of  air 422 

Removal  of  sludge  by  chemical  precipitation 42S 

Removal  of  sludge  by  sedimentation 428 

Summary  and  conclusions 424 

Sub-surface  application  of  sewage 425 

Experiments  with  sand  clogged  by  sewage 426 

Effect  of  polarite  in  a  filter  upon  removal  of  color  from  sewage  con- 
taining dyestuffs 427 

The  removal  of  bacteria  from  sewage  by  filtration     ....  428 

Construction  of  experimental  sewage  filters  studied  ....  429 
Filter  No.  1,  experiments  upon  purification  of  sewage  by  coarse 

sand 430 

Sewage  applied  to  filter 404 

Average  purification 409 

Storage  of  applied  nitrogen 411 

Effect  of  systematic  raking  followed  by  scraping    ....  413 

Addition  of  new  material 420 

Removal  of  bacteria 428 

Filter  No.   2,  experiments   upon    purification  of  sewage  by  fine 

sand 431 

Average  purification 409 

Storage  of  applied  nitrogen 411 

Effect  of  trenching 416 

Removal  of  bacteria 428 

Filter  No.  Sa,  experiments  upon  purification  of  sewage  by  coarse  and 

fine  sand 433 

Average  purification 409 

Storage  of  applied  nitrogen 411 

Effect  of  systematic  raking  followed  by  ploughing ....  415 
Filter  No.  4,  experiments  upon  purification  of  sewage  byrery  flue  sand 

with  trench  filled  with  coarse  sand •  434 

Average  purification •        •  409 

Storage  of  applied  nitrogen •        •        •  411 

Effect  of  resting 419 

Removal  of  bacteria  ..»»••*•••• 


INDEX.  805 

PAOS 

Sewage  —  Continued. 

Experiments  upon  filtration  —  Continued. 
Filter  No.  5a,  experiments  upon  purification  of  sewage  by  fine  sifted 

gravel 436 

Average  purification 409 

Storage  of  applied  nitrogen 411 

Effect  of  systematic  raking  followed  by  ploughing          .        .        .  416 

Removal  of  bacteria 428 

Filter  No.  6,  experiments  upon  purification  of  sewage  by  mixed  coarse 

and  fine  sand 437 

Sewage  applied  to  filter 404 

Average  purification 409 

Storage  of  applied  nitrogen 411 

Effect  of  systematic  raking  followed  by  scraping    ....  413 

Addition  of  new  material 420 

Removal  of  bacteria 428 

Filter  No.  7,  experiments  upon  purification  of  sewage  applied  to  the 

sub-surface 438 

Average  purification 409 

Storage  of  applied  nitrogen 411 

Clogging  of  sub-surface  pipes  by  insoluble  matter  in  the  sewage  .  425 
Filter  No.  9a,  experiments  upon  purification  of  sewage  by  medium 

fine  sand 440 

Sewage  applied  to  filter 404 

Average  purification 409 

Storage  of  applied  nitrogen 411 

Effect  of  systematic  scraping  when  necessary,  without  raking        .  414 

Removal  of  bacteria 428 

Filter  No.  11a,  experiments  upon  purification  of  sewage  by  sand 

clogged  with  organic  matters  from  the  surface  of  Filter  No.  6    .  441 

Conclusions 426 

Filters  Nos.  12a,  15a,  16b,  experiments  upon  the  purification  of  sew- 
age by  filtration  through  gravel  with  the  aid  of  a  current  of  air, 

and  filtration  of  resulting  eflSuent  through  medium  fine  sand      .  442 

Fennanency  of  filters 412 

Summary  of  results 424 

Filter  No.  13,  experiments  upon  removal  of  dye-stuffs  from  sewage 

by  coarse  sand 444 

Summary 427 

Filter  No.  13a,  experiments  upon  the  purification  of  sewage,  from 
which  sludge  has  been  partially  removed  by  sedimentation,  by 

filtration  through  medium  fine  sand 445 

Summary 424 

Filter  No.  14,  experiments  upon  the  removal  of  dye-stuflb  from  sew- 
age by  coarse  sand  and  polarite 446 

Summary 427 

Filter  No.  17a,  experiments  upon  purification  of  acid  sewage  by  me- 
dium fine  sand  containing  layers  of  marble  dust  ....  447 
Filter  No.  19,  experiments  upon  purification  of  sewage,  from  which 
sludge  has  been  partially  removed  by  chemical  precipitation,  by 

medium  fine  sand 448 

Summary 424 


806  INDEX. 

Sewage  —  Concluded. 

Experiments  upon  filtration  —  Concluded. 
Filter  No.  25,  experiments  upon  removal  of  organic  matter  and  bac- 
teria by  filtration  flrom  loam,  sand  and  soil  in  whicli  had  been 

buried  the  carcass  of  a  dog 449 

Filters  Nos.  30,  31  and  32,  experiments  npon  the  purification  of  sew- 
age by  shallow  filters  of  coarse  and  mediam  fine  sands        .        .  450 
Sewage,  purification  of,  in  cities  and  towns  In  Massachusetts      .        .        .    561-^94 

Amherst 564 

Framingham 566 

Gardner 573 

Lenox 678 

Marlborough 580 

Medfleld 586 

Norfolk  County  jail,  Dedham •   .  566 

Wellesley  College 588 

Westborough 590 

Chemical  precipitation  of,  at  World's  Columbian  Exposition,  Chicago, 

1893,  by  Allen  Hazen 695-624 

Description  of  works 697 

Manner  of  delivery  of  sewage  at  the  works 699 

Precipitants  employed 601 

Measurement  and  composition  of  sewage  and  effluents       .        •        .  603 

Work  of  the  individual  tank 606 

Character  of  the  sludge 607 

Efficiency  of  the  process 608 

Summary 612 

Appendices  giving  tabular  statistics 61S-624 

Daily  volume  of  sewage 613 

Hourly  variation  in  flow  of  sewage 614 

Hourly  variation  in  temperature  of  sewage 616 

Variation  in  chlorine  in  sewage 617 

Composition  of  sewage  per  capita 619 

Quantity,  composition  and  cost  of  chemicals 619 

Cost  of  construction  and  operation  of  works 624 

Sewerage  and  sewage  disposal,  action  of  the  Board  in  reply  to  applications 

for  advice  concerning 69 

Sharon,  water  supply  of,  examination  of 279 

Advice  of  the  Board 60 

Consumption  of  water  in 371 

Shaw  Pond,  Leicester 283 

Shawsheen  liiver,  cliemlcal  examination  of,  at  Bedford       ....  363 

At  North  Andover 364 

At  Wilmington 364 

Silver  Lake,  Pembroke 262 

Sludge,  character  of,  at  chemical  precipitation  works  at  World's  Colum- 
bian Exposition 607 

Eflfect  of,  in  sewage  filtration 402 

Removal  of,  by  diflterent  methods 422-426 

nox,  deaths  from          ,       ,       . xxxr 

\  of,  reported  U>  tJxe  BomOl x 


INDEX.  807 

PAOI 

Small -pox  —  Concluded, 

Doubtful  diagnosis,  cases  of ziii 

In  Massachusetts ix 

Mortality  per  million  Inhabitants,  Massachusetts  and  foreign  countries  viii 

Weekly  summary  of  deaths x,  686 

In  neighborhood  of  isolation  hospitals 702 

Snipatuit  Pond,  Rochester 274 

Soils,  amount  and  character  of  organic  matter  in,  and  Its  bearing  on  the 

storage  of  water  in  reservoirs 383 

Somerville,  waffer  supply  of 279 

Consumption  of  water  in  (see  Boston,  Mystic  Works)  ....  371 

Southbridge,  water  supply  of,  examination  of 280 

Advice  of  the  Board 61 

Glover  Spring 280 

Hatchet  Brook  and  tributaries 281 

Hatchet  Pond,  Woodstock,  Conn 282 

Lower  reservoir 280 

South  Deerfleld,  water  supply  of,  advice  of  the  Board 63 

South  Iladley  Falls  Fire  District,  water  supply  of,  examination  of      .        .  282 

South  Reservoir,  Winchester 328 

Spencer,  sewage  disposal,  advice  of  the  Board 84 

Water  supply  of,  examination  of 283 

Shaw  Pond,  Leicester 283 

Spices,  inspection  of 679 

Spot  Pond,  Stoneham;  examination  of  water  from 206 

Spring,  the  period  of  greatest  nitriiication  In  sewage  filters         .        .        .  422 

Springfield,  health  of 778 

Milk  of 688 

Water  supply  of,  examination  of 284 

Chaplu  Pond,  Ludlow 289 

Ludlow  Re^rvoir 287 

Receiving  basin  at  Ludlow 286 

Heights  of  water  in  Ludlow  Reservoir 289 

Statistical  tables liil 

Stetson's  Pond,  Pembroke 262 

Stillwater  River,  Sterling,  examination  of 362 

Stockbrldge,  water  supply  of 289 

Lake  Averlc 289 

Stoneham,  water  supply  of  (see  also  Wakefield) 290 

Stony  Brook,  Southborongh 109 

Examination  of,  at  inlet  to  the  new  conduit  at  Roxbury        .        .        .  866 

Stony  Brook  storage  reservoir,  Cambridge 184 

Storage  reservoir,  Montgomery  (see  Westfield)    .     ' 818 

Stoughton,  water  supply  of,  examination  of 290 

Advice  of  the  Board 66 

Sub-surface,  application  of  sewage  to,  in  filtration       .        .        .     426,  488,  678,  688 

Sudbury  River,  average  monthly  fiow  of,  in  1893 •  879 

Average  weekly  flow  of  Sudbury  River  and  Merrimack  River       .        •  880 

Rainfall  received  and  collected  on  watershed  of,  in  1893       .        .        .  881 

Yield  of  watershed,  1876-1893 882 


808  INDEX. 

PAOB 

Summary  of  water  supply  statistics ;  also  records  of  rainfall  and  flow  of 

streams 367 

Summary  of  weeltly  mortality  reports Ill,  627 

Sammer,  growth  of  bacteria  during,  in  water  filters 470 

Nitrification  during,  in  water  filters 479 

Swampscott,  health  of 778 

Swampscott  and  Nahant,  water  supply  of,  examination  of  •        .        .        .  292 

Consumption  of  water  in 371 

Syrup,  inspection  of 682 

Taunton,  health  of 778 

Water  supply  of,  examination  of 294 

Assawompsett  Pond,  Lakevllle 29S 

Consumption  of  water  in 371 

Elder's  Pond,  LakeviUe 298 

Filter  basin 295 

Taunton  River 296 

Taunton  River 365 

Examination  of  Mill  River  at  Taunton 365 

Tea,  inspection  of 682 

Town  Brook,  Qulncy 266 

Town  River,  Bridgewater 125 

Trenching,  efl^ect  of,  in  sewage  filtration 416 

Construction  of  trenches 417 

Typhoid  fever xiv,  xxxvi 

Effect  upon,  of  Lawrence  city  filter 557 

Germs,  similarity  to  B.  prodigiosus 45$ 

Weekly  summary  of  deaths  tcom 632 

Underd rains  beneath  sewers : 

Brockton ^     .        .  129 

Framlngham 153 

Newton 246-248 

Underdrains  in  experimental  water  filters  at  Lawrence         ....  491 

In  Lawrence  city  filter 550 

Upper  Ironstone  Reservoir,  Uxbridge 101 

Upper  Naukeag  Pond,  Ashbumham 98 

Uxbridge,  water  supply  of,  examination  of 298 

Advice  of  Board 57 

Cold  Spring 299 

Meadow  Brook,  Mendon 301 

Mendon  Pond,  Mendon 299 

Mumford  River 301 

Seagrave  Brook 299 

Blackstone  River  at 350 

Vaccination xi 

Rules  for xii 

yjoe  Brook,  Lexington 192 

Vinegar,  inspection  ot    ..•••••*..       .  682 


INDEX.  809 

PAOB 

ntal  statistics,  registration  of xxvli 

International xxvli 

Summary  of,  twenty  years'  table xxvlli 

Marriages zzlx 

Births xxiz 

Deaths xxlx 

Causes  of  death xxx-xxxll 

Death-rates,  the  significance  of  general  or  cmde xliii 

Returns  of  medical  examiners xliy,  xlv 

Mortality  from  all  causes,  by  months,  for  four  years    ....  xl 

Mortality  of  cities xll 

Total  deaths xlU 

Statistics  of  certain  diseases .  xxxlli,  xxxiv 

Brain  diseases xxxvlii 

Cancer xxxvii 

Cholera  infantum xxxvl 

Consumption xxxvi 

Diphtheria  and  croup xxxv 

Heart  diseases xxxvii 

Hydrophobia xli 

Intinenza xxxix 

Kidney  diseases xxxvii 

Local  diseases xxxvlii 

Malarial  fever xxxix 

Measles xxxv 

Pneumonia xxxvi 

Scarlet  fever xxxv 

Small-pox xxxv 

Typhoid  fever xxxvl 

Whooping-cough      .        .        .        • xxxvii 

Valjefleld,  health  of 779 

Water  supply  of,  advice  of  Board 48 

Wakefield  and  Stoneham,  water  supply  of,  examination  of  ...        .  801 

Consumption  of  water  in 871 

Crystal  Lake 802 

balden  Pond,  Lynn 199 

talker  Brook,  Chester  and  Becket 187 

talker's  Brook,  Marlborough 108 

iTalpolc,  water  supply  of,  advice  of  the  Board 60 

Examination  of  water  from  tubular  test  wells  near  the  Neponset  Biver 

in 808,804 

raltham,  health  of 779 

Water  supply  of,  examination  of     ••.••••        .  80ft 

Advice  of  Board •  61 

Consumption  of  Tyater  in 871 

Distributing  reservoir 807 

Well  and  filter  basin 806 

Tannacomet  Pond,  Nantucket 282>284 

rare,  health  of 781 

Milk  of 688 


i 


810  INDEX. 

PACK 

Ware —  Concluded, 

Water  supply  of,  examination  of 80S 

Consumption  of  water  in 371 

Ware  River,  examination  of,  at  Cold  Brook  Station,  Barre  ....  366 
Water: 

Experiments    upon  the  filtration  of,  at  the  Lawrence  Experiment 

Station 453-541 

Outline  of  objects,  plans  and  results  of  experiments  ....  453 

Summary  of  results,  May  12-December  2,  1898 454 

Conclusions  regarding  the  efficiency  of  the  old  and  of  the  new 

filters 455 

Relative  degrees  of  bacterial  purification  by  filtration  under  different 

conditions 466-474 

Efl(ect  of  rate  of  filtration 456 

Immediate  effbct  of  increasing  the  rate  of  filtration        •       •        .  453 

Efliect  of  depth  of  material 461 

Efi'ect  of  size  of  sand  grains     .        .        • 462 

Effect  of  scraping  filters 462 

Efi'ect  of  disturbing  upper  12  Inches  of  filter  of  fine  material  .       .  465 

Efi'ect  of  removing  a  layer  of  loam  2  inches  below  surface     .        .  466 

Efftect  of  mechanical  disturbance  of  main  body  of  sand  .        .        .  467 

Efi'ect  of  freezing  the  surface  layers 463 

Effect  of  rapidly  filling  filters  firom  below,  after  draining       .        .  463 

Efi'ect  of  slowly  filling  filters  fh)m  below,  after  draining        .        .  469 

•                Conclusions 469 

Efi'ect  of  amount  of  loss  of  head 470 

Efi'ect  of  method  of  application  of  water 472 

Chemical  purification  of  water  by  filtration 474-482 

Efi'ect  of  rate  of  filtration 475 

Efi'ect  of  size  of  sand  grain •        •        .  475 

Efi'ect  of  depth  of  material 476 

Efi'ect  of  method  of  application  of  water 477 

Dissolved  oxygen  in  the  unfiltered  and  filtered  waters    .        .        .  482 

Removal  of  color  from  water  by  filtration 483 

Mineral  analyses  of  sand  studied 483 

Number  of  bacteria  and  amount  of  nitrogen  found  in  water  filters  at 

difi'creut  depths  on  December  8, 1893 484 

Analyses  of  clogged   sand   removed   from  surface  of  filters   by 

scraping •        .        •        •        .  486 

Relation  between  construction  and  operation  of  filters  and  qoantity 

of  sand  removed  to  relieve  clogging 487 

Summary  of  results 487 

Conclusions 438 

Analyses  of  water  applied  to  filters 438 

Detailed   account   of   the   work  of  the   several  water  filters   In 

1893 490-541 

General  plan  of  experiments 490 

Mechanical  analyses  of  materials  studied 491 

Table  showing  numbers  of  bacteria  per  cubic  oentlineter  In  applied 
water  and  various  efiluents  arranged  as  weekly  ayerages  of  dallj 

analyses 49$ 


INDEX.  811 

PAQB 

Water  —  Concluded, 

Experiments  upon  the  filtration —  Concluded. 
Histories  of  the  several  filters,  with  tables  of  analytical  results        .    496-^541 

Filter  No.  18a 496 

Filter  No.  33a 497 

Filter  No.  84a 498 

Filter  No.  86a 499 

Filter  No.  36a 600 

Filter  No.  87 501 

Filter  No.  88 601 

Filter  No.  89 602 

Filter  No.  41      .        . 603 

Filter  No.  42 604 

Filter  No.  48 606 

Filter  No.  44 606 

Filter  No.  46 607 

Filter  No.  46 607 

Filter  No.  47 , 608 

Filter  No.  48 * 609 

Filter  No.  49 609 

Filter  Nos.  8b  and  8a,  with  tables  of  dally  results  ....    610-^29 
Lawrence  city  filter,  with  tables  of  daily  results      ....    680-641 

Water,  purification  of,  by  sand  filtration 468-660 

Water  supply  and  sewerage,  action  of  the  Board  in  reply  to  applications 

for  advice  concerning xlvii,  3 

Water  supply  statistics,  summary  of 869 

Watertown  and  Belmont,  water  supply  of,  examination  of  .        .        .        .  811 

Consumption  of  water  in 871 

Tubular  wells,  Watertown 814,  815 

Water  works : 

Consumption  of  water  from 871 

Date  of  introduction  of,  into  cities  and  towns 870 

Number  of 869 

Ownership  of 870 

Webster,  water  supply  of,  examination  of 815 

Advice  of  the  Board 62 

Wellesley,  health  of 781 

Water  supply  of,  examination  of 816 

Constimption  of  water  in 871 

Wellesley  College,  sewage  disposal  of 688 

Wenham  Lake,  Beverly  and  Wenham 276 

Westborough,  health  of 781 

Sewage  disposal  of .* 690 

Advice  of  the  Board 86 

Water  supply  of,  examination  of 817 

Advice  of  the  Board 68 

Westborough  Insane  Hospital,  examination  of  water  from  tubular  wells  at  817 

Westfleld,  health  of 782 

Water  supply  of,  examination  of 818 

Distributing  reservoir,  Montgomery 818 

Storage  reservoir,  Montgomery 818 


812  INDEX. 

PAO* 

Westford,  health  of 78« 

Westminster,  examination  of  water  from  Meeting-house  Pond    .        .        .  150 

West  Springfield,  water  supply  of,  examination  of 821 

Advice  of  Board 65 

Weymouth,  water  supply  of,  examination  of 322 

Whiting  Street  Storage  Reservoir,  Holyoke 164 

Whitman,  health  of         . .        .  782 

Water  supply  of,  examination  of 323 

Advice  of  Board 67 

Consumption  of  water  In 371 

Hobart*s  Pond 325 

Whooping-coQgh,  mortality  l^rom xxxvii 

Weekly  summary  of  deaths x,  635 

Williams  Lake,  Marlborough 212 

Williamstown,  health  of         .        •      ' 783 

Winchester,  health  of 783 

Water  supply  of,  examination  of 326 

North  Reservoir 326 

South  Reservoir 328 

Winter  weather,  effect  of,  upon  bacterial  purification  of  intermittent  water 

filters 468 

Effect  of,  upon  nitrification 412,  481 

Management  of  sewage  filters  with  regard  to 420 

Rule  followed  in  draining  Lawrence  city  filter 537 

Winthrop,  water  supply  of,  examination  of  (see  Revere)     ....  271 

Wobum,  health  of 783 

Water  supply  of,  examination  of 330 

Consumption  of  water  in 371 

Horn  Pond 321 

Worcester,  Dr.  C.  P.,  report  of,  on  food  and  drugs 624 

Worcester,  health  of 783 

Water  supply  of,  examination  of 333 

Hermitage  Pond 337 

Holden  supply,  Tatnuck  Brook  storage  reservoir       ....  335 

Leicester  supply,  Lynde  Brook  storage  reservoir        ....  333 

Blackstone  River 348,  349 

Worcester  Precipitation  Works,  analyses  of  sewage  and  effluent  at    .        .  345 
World's  Columbian  Exposition,  Chicago.     (See  Chemical  Precipitation.) 

Wriglit  Pond,  Holyoke 1C6 

Wyman*s  Reservoir,  Fitchbnrg,  examination  of  water  Arom         .        .        •  151 


LANE  MEDICAL  UBRART 


To  ayoid  fine,  this  book  should  be  returned 
on  or  before  the  date  last  stamped  below. 


•  I 


